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1 . 0  INTRODUCTION 
Th i s  r e p o r t  p r e s e n t s  a  s e t  o f  e x p e r i m e n t a l  measure-  
ments d e s c r i b i n g  t h e  l o n g i t u d i n a l  t r a c t i o n  c h a r a c t e r i s t i c s  
o f  a  sample of  heavy t r u c k  t i r e s .  The measurements d e r i v e  
from t h e  u s e  o f  t h e  HSRI Mobile Truck T i r e  Dynamometer i n  
t e s t i n g  commerc ia l ly  a v a i l a b l e  t i r e s  on d r y  paved s u r f a c e s  
a t  r e p r e s e n t a t i v e  l o a d s  and v e l o c i t i e s .  T h i s  t e s t  d e v i c e ,  
show i n  F i g u r e s  1, 2 ,  and 3 ,  mounts a  s i n g l e  t i r e  sample  i n  
t h e  c e n t e r  of  an i n s t r u m e n t e d  s e m i - t r a i l e r ,  and a p p l i e s  
b r a k i n g  t o r q u e s  t o  t h e  t e s t  wheel  w h i l e  measur ing  a  com- 
p r e h e n s i v e  s e t  of  t r a c t i o n - r e l a t e d  v a r i a b l e s .  (The t e s t  
a p p a r a t u s  i s  d e s c r i b e d  i n  d e t a i l  i n  Appendix B . )  
Th i s  document c o n s t i t u t e s  t h e  f i r s t  r e p o r t i n g  o f  d a t a  
f rom t h e  HSRI Mobile Truck T i r e  Dynamometer s i n c e  t h e  machine 
was upgraded w i t h  an improved mul t icomponent  f o r c e  t r a n s -  
d u c e r .  I n  a  p r e c e d i n g  r e p o r t  and p a p e r  [ I ,  2 1  * ,  a  s e t  of  
b a s e l i n e  measurements were p r e s e n t e d  w i t h  r a t h e r  s e v e r e  
q u a l i f i c a t i o n s  p l a c e d  upon t h e  i n t e r p r e t a t i o n  o f  a b s o l u t e  
f o r c e  l e v e l s .  D e s p i t e  t h e s e  s h o r t c o m i n g s ,  t h e  e a r l i e r  measure -  
ments p r o v i d e d  c o n s i d e r a b l e  i n s i g h t  i n t o  t h e  t r a c t i o n  b e h a v i o r  
o f  t r u c k  t i r e s ,  and a l s o  s e r v e d  a s  a  gu ide  t o  t h e  d e s i g n  of  
t h e  expe r imen t s  d e s c r i b e d  h e r e i n .  The d a t a  p r e s e n t e d  h e r e  
c o n s t i t u t e s  a  s e t  o f  h i g h - f i d e l i t y  a b s o l u t e  f o r c e  measure-  
ments and t h u s  i s  s e e n  a s  a d d r e s s i n g  an u r g e n t  need  which 
e x i s t s  w i t h i n  t h e  motor t r u c k  e n g i n e e r i n g  community. 
I n  t h e  i n v e s t i g a t i o n  r e p o r t e d  h e r e i n ,  s p e c i a l  emphasis  
was g i v e n  t o  a s c e r t a i n i n g  t h e  i n f l u e n c e  of  pavement t y p e  on 
t h e  b r a k i n g  t r a c t i o n  o f  t r u c k  t i r e s .  I n  a d d i t i o n ,  t h e  
expe r imen t s  a s s e s s e d  t h e  s e n s i t i v i t y  of  t r a c t i o n  t o  v e l o c i t y  
and l o a d  i n  combina t ion  w i t h  t h e  pavement s e n s i t i v i t y  
a s s e s s m e n t .  The t e s t  program i n c l u d e d  t h e  a b o v e - c i t e d  
"Numbers i n  b r a c k e t s  d e s i g n a t e  r e f e r e n c e s  a t  t h e  end 
o f  t h i s  r e p o r t .  

Figure 2, Test wheel mounted on the Longitudinal 
Force Trailer. 

s e n s i t i v i t y  i n v e s t i g a t i o n s  i n  an a r r a y  of one- and two- 
d imens ional  m a t r i c e s ,  as  d e s c r i b e d  i n  t h e  fo l lowing s e c t i o n .  
The o v e r a l l  f i n d i n g s  of the  s tudy  a r e  p r e s e n t e d  i n  t h e  
form of c r o s s  p l o t s  of "peak" and " s l i d e "  va lues  of  normal i  
l o n g i t u d i n a l  f o r c e ,  as  t h e s e  t r a c t i o n  d e s c r i p t o r s  were 
found t o  vary wi th  v e l o c i t y ,  v e r t i c a l  l o a d ,  pavement, and 
t i r e  s e l e c t i o n .  Graphica l  and t a b u l a r  d i s p l a y s  of " p - s l i p "  
h i s t o r i e s  (cover ing  each t e s t  c o n d i t i o n  which was examined 
on each t i r e  sample) a r e  appended t o  t h i s  r e p o r t .  
zed 
2.0  THE EXPERIMENTAL DESIGN 
T r a c t i o n  measurements  were conduc t ed  a t  t h r e e  t e s t  
f a c i l i t i e s  i n  t h e  midwes te rn  U n i t e d  S t a t e s ,  p r o v i d i n g  two 
a s p h a l t  and two c o n c r e t e  s u r f a c e s .  These t e s t  f a c i l i t i e s  
a r e  i d e n t i f i e d  i n  Tab l e  1 ,  t o g e t h e r  w i t h  t h e i r  r e s p e c t i v e  
s u r f a c e  t y p e s  and nomina l  ASTM s k i d  number d e s c r i p t o r .  S k i d  
number measurements  were  made on t h e  Bendix f a c i l i t y  
immed ia t e ly  f o l l o w i n g  t h e  c o n c l u s i o n  o f  t e s t i n g ,  w h i l e  SN 
measurements  a t  t h e  T r a n s p o r t a t i o n  Research  C e n t e r  o f  Ohio 
and Dana C o r p o r a t i o n  f a c i l i t i e s  had been  most r e c e n t l y  o b t a i n e d  
two months and one y e a r ,  r e s p e c t i v e l y ,  p r i o r  t o  HSRI1s t e s t  
program.  
T a b l e  1. T e s t  F a c i l i t i e s  Employed i n  t h i s  Program.  
Bendix Automotive  
Development 
C e n t e r  (BADC) 
F a c i l i t y  L o c a t i o n  S i t e  Pavement SN-40 
No. I n d .  3  M i .  Oval  S l a g -  82 
a g g r e g a t e  
A s p h a l t  
Dana C o r p o r a t i o n  
T r a n s p o r t a t i o n  
Resea r ch  
C e n t e r  o f  Ohio 
(TRC) 
So. Mich. 1 - 3 / 4  M i .  P o r t l a n d  75 
Oval Cement 
Conc re t e  
Cen t .  Ohio V e h i c l e  L imes tone-  7 9 
Dynamics a g g r e g a t e  
Area  A s p h a l t  
7 -1 /2  M i .  P o r t l a n d  7 5 
H i  - Speed Cement 
Track  Conc re t e  
On each  of t h e  f o u r  i n d i c a t e d  s u r f a c e s ,  a  t e s t  m a t r i x  
was conducted  u s i n g  two t i r e s  which had been  s e l e c t e d  a s  
t h e  b a s e l i n e  c o n f i g u r a t i o n s .  I n  a d d i t i o n ,  f o u r  o t h e r  t i r e  
samples  were t e s t e d  a t  t h e  BADC f a c i l i t y .  The s i x  t i r e  
samples  a r e  i d e n t i f i e d  i n  Tab le  2 ,  w i t h  a  l a b e l i n g  code 
which i s  used  th roughou t  t h e  body of  t h e  r e p o r t  f o r  i d e n t i -  
f y i n g  t i r e s  w i t h i n  c r o s s  p l o t s  of t r a c t i o n  d a t a .  Photos  of  
t h e  t r e a d  f a c e  of each  sample a r e  shown i n  F i g u r e s  4 t h rough  
9 .  
- 
Table  2 .  Sample of  Heavy Truck T i r e s .  
Ra ted  
Load T i r e  
Manufac turer  Model S i z e  Lbs . Code 
F i r e s t o n e  T r a n s p o r t  1 10.00x20/F 5430 (FT10) 
( B a s e l i n e )  
Goodyear Super  H i  M i l e r  10.00x20/F 5430 (GyS10) 
( B a s e l i n e )  
Gene ra l  Power J e t  10.00x20/F 5430 (GRJ10) 
Goodyear Super  H i  M i l e r  11x22.5/F 5430 (GyS11) 
F i r e s t o n e  T r a n s p o r t  1 1 0  12.00x20/H 7740 (FT12) 
Un i roya l  Unimas t e r  15x22.5/H 8460 (UU15) 
Each t i r e  was s u b j e c t e d  t o  a  common t e s t  m a t r i x  
employing v e r t i c a l  l o a d  l e v e l s  which were no rma l i zed  t o  t h e  
T i r e  R i m  A s s o c i a t i o n  (TbRA) load  r a t i n g  of t h e  t i r e .  A 
sequence  o f  t e s t  runs  was d e v i s e d  which cove red  t h e  one-  
d imens iona l  v a r i a t i o n s  i n  l o a d  and v e l o c i t y  shown be low:  
V e l o c i t i e s  (mph) [ c o n d i t i o n  "C" 
1 I 
V e r t i c a l  Loads 3  10 2 0  3  0 40 f 5 5  
0 .4  x  r a t e d  l o a d  X 
1 . 0  x  r a t e d  l o a d  X X X X X X 
1 . 6  x  r a t e d  load  X 

F i g u r e  7 .  Goodyear S u p e r  
Hi M i l e r  1 l x 2 2 . 5  
Load Range F 
(Ra ted  Load 5430 I b s )  
F i g u r e  8.  F i r e s t o n e  T r a n s p o r t  1 
1 2 . 0 0 ~ 2 0  Load Range H 
( R a t e d  Load 7740 l b s )  
F i g u r e  9 .  U n i r o y a l  Unimas t e r  
Rib 1 5 ~ 2 2 . 5  
Load Range M 
( R a t e d  Load 8460 
l b s )  
To augment t h i s  t e s t  m a t r i x ,  a d d i t i o n a l  "check runs"  
were made a t  c o n d i t i o n  "C" t o  p e r m i t  a s s e s s m e n t  o f :  ( a )  t h e  
s t a b i l i t y  of  t h e  t r a c t i o n  pe r fo rmance  o f  t h e  s amp le ,  and 
( b )  t h e  b a s i c  s t a t i s t i c a l  q u a l i t y  of  t h e  measurements .  A 
t o t a l  of  f i v e  r e p e a t s  of t h e  check r u n  c o n d i t i o n  were  con-  
d u c t e d ,  i n c l u d i n g  t h e  v e r y  f i r s t  and l a s t  samples  i n  t h e  
s t a n d a r d  s equence  o f  measurements  on each  t i r e ,  a s  shown i n  
Tab l e  3 .  
T a b l e  3 .  S t a n d a r d  Sequence o f  T e s t  Runs. 
Yormal ized Load Veloc i ty  
Run No. ( F ~ ' F ~  r a t e d  1 (mph 
Check Run #1 -- 
e l  Sweep 
l ' e l .  Sweep 3 1 . 0  10 
I:el .  Sweep 4 1 . 0  2 0  
\ e l .  Sweep 5 1 . 0  3 0  
\ ' e l .  Sweep (6 Ck. Run 8 2 )  6 1 . 0  40 
1 7 e l .  Slieep 7 1 . 0  5 5 
Check Run $ 3  
Load Srieep 
Load Srceep (6 Ck. Run p 4 )  10 1 . 0  40 
Load Slceep 11 1 . 6  4 0 
Check Run 4 5  
At each  c o n d i t i o n  d e s c r i b i n g  a  t e s t  r u n ,  a  s e t  o f  s i x  
" lockup  c y c l e s "  ( d e f i n e d  i n  t h e  n e x t  s e c t i o n )  was e x e c u t e d ,  
i n c u r r i n g  a  t r a n s i e n t  i n  t h e  l o n g i t u d i n a l  s l i p  v a r i a b l e  f rom 
0 t o  100% and back t o  z e r o .  
2 . 2  DATA MEASUREMENT AND PROCESSING PROCEDURES 
2 . 2 . 1  TIRE PREPARATION. Truck t i r e s  were  p r e p a r e d  f o r  
t e s t i n g  t h r o u g h  t h e  ma in t enance  o f  c e r t a i n  p r a c t i c e s  i n t e n d e d  
t o  a s s u r e  c o n s i s t e n c y  o f  t e s t  c o n d i t i o n s  a s  w e l l  a s  r e p r e -  
s e n t a t i v e n e s s  o f  measured t r a c t i o n  pe r fo rmance .  A l l  t i r e s  
were  mounted on t h e i r  r e s p e c t i v e  T i r e  6 R i m  A s s o c i a t i o n -  
recommended r ims  ( d i s c  w h e e l s ) .  
The i n f l a t i o n  p r e s s u r e  o f  e ach  t i r e  was m a i n t a i n e d  a t  
a  r e p r e s e n t a t i v e  "ho t "  i n f l a t i o n  l e v e l  which had  been  
i d e n t i f i e d  i n  p r i o r  t e s t i n g  a s  t h e  e q u i l i b r i u m  v a l u e  which 
accompanies  o p e r a t i o n  a t  60 mph and r a t e d  l o a d ,  f o l l o w i n g  
"co ld"  i n f l a t i o n  t o  t h e  TGRA-recommended v a l u e .  The m a i n t a i n e d  
"ho t"  i n f l a t i o n  p r e s s u r e  v a l u e s  a r e  shown f o r  e ach  sample  i n  
T a b l e  4 .  
T a b l e  4 .  
Ma in t a ined  
TGRA-Recommended "Hot 
T i r e  Sample S i z e  Code "Cold" I n f l a t i o n  I n f l a t i o n  
F i r e s t o n e  10 .00x20/F  FTlO 85 p s i  100 p s i  
T r a n s p o r t  1 
Goodyear Super  10 .00x20/F  GySlO 8  5  
H i  M i l e r  
Gene ra l  Power 10.00x20/F G R J l O  8 5  100 
J e t  
Goodyear Super  11x22 .5 /F  GySl l  90 
H i  M i l e r  
F i r e s t o n e  12.00x20/H FT12 105 
T r a n s p o r t  1 
U n i r o y a l  15x22.5/H UU15 100 115 
Unimas t e r  Rib 
Each t i r e  was " b r o k e n - i n , "  on  t h e  t e s t  m a c h i n e ,  f o r  a  
d i s t a n c e  o f  a p p r o x i m a t e l y  10  m i l e s ,  a n d  a t  a  v e l o c i t y  o f  
40 mph, f o l l o w e d  by  t h e  e x e c u t i o n  o f  s i x  p r e l i m i n a r y  " l o c k u p  
c \  c l c s "  f o r  p u r p o s e s  o f  r e m o v i n g  a n y  s u r f a c e  c o n t a m i n a n t s  
r c ~ ~ l ~ i  i n i n g  f r o m  t h e  t i r e  ~ n o l d i n g  p r o c e s s .  
I t  h a s  b e e n  r a t i o n a l i z e d  t h a t  c u s t o m a r y  p r e p a r a t i o n s  
e r n p l o ~ . c d  i n  p a s s e n g e r  c a r  t i r e  t e s t i n g ,  s u c h  a s  u t i l i z a t i o n  
o f  n 1 , ) O - m i l e  f r e e - r o l l i n g  b r e a k - i n  p r a c t i c e ,  a r e  mos t  l i k e l y  
i n a p p r o p r i a t e  f o r  p r e p a r a t i o n  o f  h e a v y  t r u c k  t i r e  s a m p l e s ,  
s i v e n  t h a t  t h e  s l i p  e n e r g y  e x p e r i e n c e d  i n  a  s i n g l e  l o c k u p  f a r  
e x c e e d s  t h e  a c c u m u l a t e d  work  h i s t o r y  e n c o u n t e r e d  d u r i n g  t h e  
i r e e - r o l l i n g  p r a c t i c e .  . A c c o r d i n g l y ,  t h e  i n i t i a l  a p p l i c a t i o n  
of s i x  l o c k u p  c y c l e s  ! , a s  s e e n  a s  a  more s a t i s f a c t o r y  me thod  
f o r  a s s u r i n g  t h a t  t h e  s a m p l e  e x p e r i e n c e s  t h e  n e c e s s a r y  
s u r f a c e  c o n d i t i o n s  p r i o r  d a t a -  t a k i n g .  
1 ;  l io i i ld  Lippear r'ror; d a t a  t i h i ch  a r e  p r e s e n t e d  l a t e r  t h a t  t h e  
t i  r e s  c s a ~ f i ! n e d  i n  t h i : ;  s a m p l e  d i d  i n d e e d  e x h i b i t  a  q u i t e  s t a b l e  
t r : ls t i  :n p e r f o r n i a n c e  o v e r  t h e  s e q u e n c e  o f  t e s t  r u n s ,  f o l l o w i n g  
t j 1 ~ 8  i n d i  i a t e d  b r e a k - i n  p r o c e d u r e .  The n e e d  f o r  s u c h  a  b r e a k -  
i : ,  p r a c t  ~ C C ,  1101,1,ever, h a s  n o t  b e e n  e x p l o r e d .  
7. 7 .  2 IK I(' i 1 Oh '11: ISUKLbIEST P I I O C C D U R I . .  The b a s i c  l o c k u p  
c . . i i e ,  i i h i i h  I,ias a p p l i e d  s i x  t i m e s  i n  s u c c e s s i o n  a t  e a c h  
c o n d i t i o n  nf v e l o c i t ~ ~  a n d  v e r t i c a l  l o a d ,  i n v o l v e d  a  c o n t r o l l e d -  
o n s e t  \ - r a k e  t o r q u e  a p p l i c a t i o n  f o l l o ~ c e d  b y  a n  a u t o m a t i c  b r a k e  
l e l e a s e ,  a s  d i ag rammed  i n  F i g u r e  1 0 .  B y  rneans o f  a n  
: i np rop r  i a t i '  t h r o t t l i n q  v a l l - e  s e t t i n g ,  t h e  f l o w  o f  a i r  i n t o  
::I? c l l a l~ lbe r s  o f  a d u a l - w e d g e  drum b r a k e  \,;as c o n t r o l l e d  t o  
: : rov ide  a g r a d u a l  a p l l r o a c h  t o w a r d  t h e  p e a k  f o r c e  c o n d i t i o n ,  
t h u s  i n c r c a s i n g  t h e  q u a n t i t y  o f  d a t a  g a t h e r e d  i n  t h e  v i c i n i t y  
n i  t h e  p e a k  l o n g i t u d i n a l  f o r c e .  The l o c k e d - \ ( h e e l  c o n d i t i o n  
i s  c o n s t r a i n e d  t o  a p p l - o x i m a t e l y  150  m i l l i s e c o n d s  d u r a t i o n  t o  
min imi  :e t h e  l o a d  v a r i a t i o n s  t h a t  d e r i v e  f r o m  " f l a t - s p o t t i n g  ," 
3 s  r e p o r t e d  p r e v i o u s l y  [ I ,  2 1 .  T h r o u g h o u t  t h e  b r a k e  
; i p p l i c a t i o n  s e q u e n c e  a n  a t t e m p t  i .s  made t o  m a i n t a i n  t h e  
Lon 
~4 seconds to -4 
gitudinal ,150 Locked 
sec. Wheel 
Figure 10. Approximate time scale of the basic 
"lockup cycle. I' 
v e l o c i t y  o f  t h e  mob i l e  t e s t  v e h i c l e  a t  t h e  d e s i r e d  v a l u e .  
T y p i c a l l y ,  a  v e l o c i t y  l o s s  of  l e s s  t h a n  1 mph i s  e n c o u n t e r e d  
d u r i n g  t h e  0  t o  100% s l i p  i n t e r v a l .  Dur ing  b r a k i n g  o f  t h e  
t e s t  wheel  t h e  nomina l  v a l u e  of  v e r t i c a l  l o a d  i s  g e n e r a l l y  
s e e n  t o  d e c r e a s e  abou t  5% due  t o  changes  i n  r o l l i n g  h e i g h t  
o f  t h e  t e s t  t i r e ,  a s  w e l l  a s  t o  a  s m a l l  p i t c h  r e s p o n s e  o f  
t h e  t r a i l e r .  
&4 t y p i c a l  r e c o r d i n g  o f  raw d a t a  from a  s i n g l e  l ockup  
c y c l e  i s  p r e s e n t e d  i n  F i g u r e  11, showing t h e  t ime  h i s t o r i e s  
o f  v e r t i c a l  l o a d  ( F z ) ,  l o n g i t u d i n a l  f o r c e ,  ( F x ) ,  b r a k e  t o r q u e  
( T )  , v e h i c l e  v e l o c i t y  ( V )  , and whee l  s p e e d  ( w )  . The sequence  
o f  s i x  l ockup  c y c l e s  a t  e ach  t e s t  c o n d i t i o n  was a lways con-  
d u c t e d  d u r i n g  t r a v e l  i n  a  " s t r a i g h t a w a y "  l e g  o f  t h e  r e s p e c t i v e  
t e s t  f a c i l i t i e s  w i t h  a  s e q u e n c i n g  r a t e  o f  a p p r o x i m a t e l y  one 
l ockup  e v e r y  f o u r  s e c o n d s .  
2 . 2 . 3  DATA ACQUISITION. The p r imary  t r a n s d u c e r  i n  t h e  
t e s t  s y s t e m  i s  a  s t r a i n - g a g e d  l o a d  c e l l  which p e r m i t s  measure -  
ment o f  t h e  v a r i a b l e s  F x ,  F Z ,  and T w i t h i n  t h e  r a n g e s  and 
accu racy  t o l e r a n c e s  shown i n  t h e  f o l l o w i n g  t a b l e .  The l i s t e d  
V a r i a b l e  Range Accuracy 
L o n g i t u d i n a l  f o r c e ,  F, 0 t o  20,000 l b s .  + 2 %  
v e r t i c a l  l o a d ,  F Z  0  t o  20,000 l b s .  + 1 % 
Brake Torque ,  Mx 0  t o  250,000 i n - l b s  +1% 
a c c u r a c y  t o l e r a n c e s  ( i n t e r p r e t e d  a s  " p e r c e n t  o f  r e a d i n g " )  
d e r i v e  f rom s m a l l  n o n l i n e a r i t i e s  i n  t h e  p r imary  v a r i a b l e  
s e n s i t i v i t i e s  a s  w e l l  a s  n o n l i n e a r i t i e s  i n  t h e  c r o s s  a x i s  
s e n s i t i v i t i e s .  Complete p h y s i c a l  c a l i b r a t i o n s  o f  t h e  
t r a n s d u c e r ,  u t i l i z i n g  a  f l u i d  b e a r i n g  and combined l o a d  
Figure 11. Time histories describing a "lockup cycle." 
a p p l i c a t i o n s ,  w e r e  p e r f o r m e d  p r i o r  t o  t e s t i n g  a n d  w e r e  
r e p e a t e d  f o l l o \ c i n g  t h e  t e s t s  o f  t h e  s i x - t i r e  s a m p l e  a t  B e n d i x  
a n d  f o l l o ~ i i n g  t h e  e n t i r e  p r o g r a m .  I n  a l l  p h y s i c a l  c a l i b r a -  
t i o n s ,  t h e  m e a s u r p d  " g a i n s "  f o r  e a c h  t r a n s d u c e d  v a r i a b l e  
a g r e e d  r i i t h  t h e  i n i t i a l  c a l i b r a t i o n s  w i t h i n  0 . 3 % .  E l e c t r i c a l  
c a l i b r a t i o n s  o f  t h e  d a t a  a c q u i s i t i o n  s y s t e m  w e r e  c o n d u c t e d  
b e f o r e ,  i n  t h e  m i d d l e  o f ,  a n d  f o l l o w i n g  e a c h  s t a n d a r d  r u n  
s e q u e n c e  on  e a c h  t i r e .  
The a n g u l a r  ~ c l o c i t y  o r  t h e  t e s t  w h e e l  was m e a s u r e d  u s i n g  
a  D . C .  t a c h o m e t e r ,  b . h i l e  a n  a u t o m o t i v e - t y p e  f i f t h  i i h e e l  ( w i t h  
1 .  C. t a c h  . q e t e r  o u t : ~ u t )  \ $ a s  e ~ n p l o y e d  f o r  g a t h e r i n g  v e h i c l e  
I - e l o c i t l  d c i t a .  I h e  r eco rd i .1 ;  q f  u n f i l t e r e d  f o r c e ,  t o r q u e ,  
and  v e l o c ~ t ~ .  i i g n a l s  \ ) a s  a c c o n n l  i s h e d  u s i n g  a n  FFI a n a l o g  
t i i p e  r e c o ~ ? ? r ,  LL i t h  i c k u ~ ;  i ) c n - c h a r t  o s c i l l o g r a p h i c  r e c o r d i n g s  
f o r  v i s u a l  . l i e c k i n , .  
2 .  2 . 3  Il.1'1 1 PROCI_SSI?,f ' .  ' lhe F M  m a g n e t i c  t a p e  r e c o r d i n g s  
\\ - r e  p r o c e 5 s e d  il!' n t , c o - s t a g e  c o r ~ ~ p u t e r i z e d  d a t a  r e d u c t i o n  
m e t h o J .  The f i r s t  s t u g e ,  a t i l i z i n e  a  h y b r i d  c o m p u t i n g  
i , i c l  1 1  t \ . ,  i n v o l v e d  a ~ p l i f i c a t i o n  and  z e r o i n g  o f  F?I p l a y b a c k  
signals, a s  \ $ e l l  as  t h e  t r a n i f c r  o f  d a t a  f r o m  a n a l o g  t o  
d i s l t  3 1  t : ~ ; \ e  f o r m a t .  I n  t h e  f o l l o w i n g  s t a g e ,  t h e  d i g i t i z e d  
J a t a  \ . a s  m a n i p u l a t e d  t o  p r o d u c e  n o r m a l i z e d  l o n g i t u d i n a l  f o r c e  
t a b l e s  a s  , u n c t  I o n s  o f  l o n g i t u d i ~ l a l  s l i p .  
The ~ l i  q i t n l  ~ a n i p u l a t  I o n s  i n c l u d e d :  
1. .\ n u m e r i c a l  s m o o t l l l n g  r o u t i n e ,  p r o v i d i n g  
a J e q u a t e  f i l t e r i n g  o f  n o i s e  componen t s  w h i l e  
avo id in ! !  u n \ < a n t e d  . ~ h ; ~ s e  s h i f t s .  
2 .  D a t a  scaling u s i n g  r e c o r d e d  c a l i b r a t i o n  s i g n a l s ,  
p e r m i t t i n g  p r e c i s e  c o m p e n s a t i o n  f o r  t h e  i n d i v i d u a l  
g a i n  d i f f e r e n c e s  i ~ h i c h  p r e v a i l e d  among t h e  
v a r i o u s  c h a n n e l s  o f  t h e  r e c o r d i n g / p l a y b a c k /  
d i g i t i z i n g  s y s t e m .  
3.  Sampling o f  t h e  wheel  v e l o c i t y  s i g n a l  t o  
d e t e r m i n e  t h e  f r e e l y - r o l l i n g  and locked-whee l  
c o n d i t i o n s ,  f o l l o w e d  by t h e  computa t ion  of  
l o n g i t u d i n a l  s l i p  f o r  each  d i g i t a l  sample d u r i n g  
t h e  "spin-down" t r a n s i e n t .  
4 .  Sampling and subsequen t  a v e r a g i n g  o f  f o r c e  and 
s l i p  h i s t o r i e s  f o r  each of t h e  s i x  r e p e a t  l o c k -  
up c y c l e s  w i t h i n  a  g i v e n  f i l e ,  o r  t e s t  c o n d i t i o n .  
5 .  T a b u l a t i o n  o f  t h e  ave raged  l o n g i t u d i n a l  f o r c e  
h i s t o r i e s  a t  v a l u e s  o f  l o n g i t u d i n a l  s l i p  which 
were spaced  a s  f o l l o w s :  
e v e r y  2 %  f o r  0 < s l i p  < 20% 
e v e r y  5 %  f o r  20 < s l i p  < 100% 
6 .  F i n a l  o u t p u t  p r i n t i n g ,  i n  b o t h  t a b u l a r  and 
p r i n t - p l o t  f o r m a t .  
I n  p r o c e s s i n g  t h e  d a t a  g a t h e r e d  a t  low t e s t  v e l o c i t i e s  
d u r i n g  t h i s  program,  i t  was obse rved  t h a t  t h e  l o n g i t u d i n a l  
t r a c t i o n  f o r c e  which a c c r u e s  a t  t h e  locked-whee l  c o n d i t i o n  
can i n v o l v e  a  t r a n s i e n t  p r o c e s s ,  p r o b a b l y  t he rma l  i n  n a t u r e ,  
which spans  a  s i g n i f i c a n t  r ange  o f  Fx v a l u e s .  As shown i n  
F i g u r e  1 2 a ,  t h e  F x  t ime  h i s t o r y  f o r  a  lockup c y c l e  a t  3 mph 
i n d i c a t e s  a  t ime-dependency  i n  t h e  F x  r e s p o n s e ,  f o l l o w i n g  
achievement  o f  100% s l i p .  (The l ocked -whee l  v a l u e  i s  
s u s t a i n e d  h e r e  t h rough  manual o v e r r i d e  of  t h e  a u t o m a t i c  
b r a k e  r e l e a s e  c i r c u i t . )  The n o n - s i n g l e - v a l u e  r e l a t i o n s h i p  
between Fx and s l i p  c a u s e s  t h e  " s l i d e "  v a l u e  of  F x  (such a s  
was c a l c u l a t e d  by t h e  p r o c e s s  employed i n  t h i s  s t u d y )  t o  
assume a  v a l u e  which i s  somewhat below t h e  i n i t i a l  v a l u e  o f  
F x  a t  100% s l i p  and above t h e  " s t e a d y - s t a t e "  v a l u e .  The 
i m p l i c a t i o n s  of  t h i s  Fx t ime -decay  phenomenon a r e  i l l u s t r a t e d  
i n  F i g u r e  12b i n  which a r e  p l o t t e d  t h e  " v - s l i p "  ( t h a t  i s ,  
no rma l i zed  l o n g i t u d i n a l  f o r c e ,  Fx/Fz v e r s u s  l o n g i t u d i n a l  s l i p ,  s ) ,  
F , .  1 i f iu rc  1 2 3 .  i : i l~c  d e p e n d e n c e  o f  l o c k e d - w h e e l  v a l u e  o f  
i - , ~ t  a t c h t  s p e e d  o f  3 mph. 
X 
* 1 i I 1 I 1 , 4 I I I I , I 1 ( I I I ! , , , ,  , I , , , ' , ,  I i 1 l 1 1 1 ~ l  
100 200 300 400 
time, milliseconds 
l ig7Jre  1 2 b .  Impi i i a t i s l :  o f  l o c k e d - w h e e l  t i m e  d e p e n d e n c y  on 
an a r r a y  o f  " ! , - s l i p "  c u r v e s .  
curves obtained for a single 10.00x20/F tire over the 
examined range of velocities. The time-dependent "tails" 
are manifested visibly on the 3-mph and 10-mph curves but 
are indistinguishable at higher velocities. In the processing 
of data presented in this report, the Fx/FZ value at 100% 
slip was determined by averaging the digital samples accumu- 
lated over the first 100 msec. following the detection of 100% 
slip. Thus the time-dependent behavior at low velocities has 
not been routinely characterized in the data which are to 
follow. 
For each lockup cycle, longitudinal slip was calculated 
at each of 26 points along the slip transient from the 
free-rolling condition to the locked-wheel condition. The slip 
calculations were conducted using the digitized wheel angular 
velocity signal, w (only) , per the relationship: 
where 
i = longitudinal slip for the ith digital 
increment, following initiation of 
brake application 
wo = w prevailing just prior to brake application 
'i = instantaneous value of w at the ith 
increment following brake application 
This scheme derives from the formal definition of longitudinal 
slip, viz., 
w i t h  t h e  a s s u m p t i o n  t h a t  v e h i c l e  v e l o c i t y  r e m a i n s  c o n s t a n t ,  
s u c h  t h a t  
w h e r e  
V = v e h i c l e  v e l o c i t y  ( o r  t h e  t r a n s l a t i o n a l  
v e l o c i t y  o f  t h e  w h e e l  c e n t e r )  
and K = e f f e c t i v e  r o l l i n g  r a d i u s  o f  t h e  l o a d e d ,  e 
f r e e - r o l l i n g  t i r e  
The c o m p u t a t i o n  o f  s l i p  u s i n g  t h e  o s i g n a l ,  o n l y ,  p e r m i t s  
an i m p r o v e d  l e v e l  o f  a c c u r a c y  f o r  t h e  c a s e  o f  t h e  HSRI m o b i l e  
e x p e r i m e n t s ,  a s  a c o n s e q u e n c e  o f :  
a )  t h e  e l i r n i  n a t i o n  o f  i n a c c u r a c i e s  d e r i v i n g  
f r o m  t h e  c a l c u l a t i o n  o f  R e ,  
b )  t h e  e l i m i n a t i o n  o f  t h e  1- s i g n a l  i n  t h e  
c o m p u t a t i o n ,  a n d  
c )  t h e  low l e v e l  o f  e r r o r  w h i c h  d e r i v e s  f r o m  
t h e  n e a r l y  c o n s t a n t  c h a r a c t e r  o f  t h e  v e h i c l e  
v e l o c i t y  c o n d i t i o n .  
On t h e  b a s i s  o f  known s o u r c e s  o f  e r r o r ,  t h e  s l i p  
c o i n p u t a t i o n  i s  b e l i e v e d  t o  b e  a c c u r a t e  i n  t h e  v i c i n i t y  o f  t h e  
1ii I I  v a l u e  o f  F x / F  ( a t  w h i c h  t h e  s l i p  e r r o r s  p e a k )  w i t h i n  
Z 
t!!c v a l u e s  sholcn on t h e  u p p e r  c u r v e  i n  F i g u r e  1 3 .  
. \ t  t h e  0 %  a n d  1 0 0 %  v a l u e s  o f  s l i p ,  t h e  p o s s i b l e  e r r o r s  
d i m i n ~ s h  t o  l e v e l s  w h i c h  a r e  w i t h i n  t h e  v a l u e s  shown o n  t h e  
lo1,cer c u r v e  i n  F i g u r e  1 3 .  The v a l u e s  on t h e  l o w e r  c u r v e  
d e r i v e  f r o m  t h e  e l e m e n t a l  p r e c i s i o n  o f  t h e  a n a l o g - t o - d i g i t a l  
( 1  t o  I)) c o n v e r s i o n  p r o c e s s ,  w h i l e  t h e  u p p e r  c u r v e  e r r o r s  
d e r i v e  p r i n c i p a l l y  f r o m  A t o  D i m p r e c i s i o n ,  n o n l i n e a r i t y  o f  
t h e  w h e e l  v e l o c i t y  t a c h o m e t e r ,  a n d  n o n - c o n s t a n c y  o f  t h e  
f o r r ~ a r d  v e l o c i t y  d u r i n g  a  b r a k e  a p p l i c a t i o n .  
Velocity, mph 
F i g u r e  1 3 .  E s t i m a t e  o f  maximum e r r o r s  i n c u r r e d  i n  
compu ta t i on  o f  l o n g i t u d i n a l  s l i p .  
3.0 PKESEKT.\TION AND DISCUSSIOK OF TRACTION DATA 
I I I I I , ~ ( . t  I O I I  ( I , I  t : ~  q ; ~ t  h ( \ r ~ c I  O I I  t l l c )  p:~vcrncnts ant1 ~ l s i n g  
t I I L  f I I c ~ , 1 1 1 1 p l ( ~ ~  I 1 s t v c l  ~ I , C L ' I  ous  l y  \ $ e r e  processed fr'orn t h c  
1 ' 1  a n a l o g  r e c o r d i n g s  t o  p ~ e l d  t h e  p r i n t e d .  t a b u l a t i o n s  a n d  
qraphb o f  " , - s l i p v  b e h a v i o r  p r e s e n t e d  i n  Appendix  A .  F o r  
e a c h  t i r e - s u r f a c e  c o m b i n a t i o n  two b a s i c  s e t s  o f  p - s l i p  d a t a  
d r c  p r e s e n t e d ,  shohin , :  t h e  l o a d  and v e l o c i t y  s e n s i t i v i t i e s  
o f  e a c h  c o n b i n a t i g n .  I n  F i g u r e  1 4 ,  a  t y p i c a l  summary o f  t h e  
p - s l i p  c u r v e - s h a p e s  i. s h o \ + n ,  i n d i c a t i n g  l o a d  s e n s i t i v i t y  on 
tl7.e l e f t  and v e l o c i t y  s e n s i t i v i t y  on t h e  r i g h t .  As d i s c u s s e d  
i n  S e c t i o n  7 . 2 ,  a 1 1  l o a d - s e n s i t i v i t y  r u n s  w e r e  made a t  a  
noininal  v e l o c i t y  v a l u e  o f  4 0  r n l ~ h ;  a l l  v e l o c i t y - s e n s i t i v i t y  r u n s  
l i p r e  made a t  3 v e r t i c a l  l o a d  v a l u e  n o m i n a l l y  e q u a l  t o  t h e  
I 4 RA l o a d  r a t i n g  f o r  e a c h  r e s p e c t i v e  t i r e .  
I n  t e r n s  o f  o v ~ r a l l  c u r v e  s h a p e s ,  t h e  d a t a  i n  F i g u r e  1 4  
c o n f l r m  t h e  l a r g e  f a l l - o f f  i n  F /F from t h e  peak  t o  t h e  1 0 0 %  
X z 
, l i p  c o n d i t i o n ,  a5 r e p o r t e d  i n  t h e  p r e v i o u s  work-a d r y  
pavement t r a c t i o n  c h a r a c t e r i s t i c  whose p r o p o r t i o n s  c l e a r l y  
~ : , s t i n g u i s h  heavl -  t r u c k  t i r e s  f rom p a s s e n g e r  c a r  t i r e s .  I t  
i -  significant t o  n o t e  a l s o  t h a t  t h e  p - s l i p  c u r v e s  r e p r e -  
- e n t i n g  d i f f e r i n g  l o a d  c o n d i t i o n s  a r e  v i r t u a l  s c a l e  models  
zf one a n o t h e r  t h r o u g h o u t  t h e  s l i p  r a n g e ,  w h i l e  g r o s s  c h a n g e s  
I ?  c u r i e  j h a p e  a r e  s e e n  t o  accompany t h e  d i f f e r i n g  v e l o c i t y  
c o n d l t l o n s .  I n  te rm5 o f  t h e  mechanisms o f  l o n g i t u d i n a l  f o r c e  
1 r - o d u c t l o n ,  ~t a p p e a r s  t h a t  a l i n e a r  s e n s i t i v i t y  o f  t r e a d  
r u b b e r  f r i c t i o n  t o  t h e  r e l a t i v e  v e l o c i t y  i n  t h e  c o n t a c t  p a t c h  
account . ;  f a r  t h e  h u l k  o f  t h e  o b s e r v e d  v e l o c i t y  i n f l u e n c e  on 
t r : ~ c t i o n  performance I n  t h e  h i g h - s l i p  r e g i m e .  
-4s sho\cn i n  F i g u r e  1 5 ,  t h e  n o n - n o r m a l i z e d  Fx v e r s u s  
s l i 1 1  c u r v e s  v e r i f y  a  f i r s t - o r d e r  dependency  o f  s o - c a l l e d  
l o n g i t u d i n a l  s t i f f n e s s  ( C  ) on v e r t i c a l  l o a d ,  where  s  
F i r e s t o n e  T r a n s p o r t  1 
10.00x20/F 
BADC - Aspha l t  Track 
L O N G I T U D I N A L  S L I P  
Figure  14. T y p i c a l  load and v e l o c i t y  i n f l u e n c e s  on t h e  F,/FZ v e r s u s  
s l i p  b e h a v i o r  of a 10 .OOx20/F t i r e .  
Longitudinal Slip, % 
I ' i g u r e  1 5 .  I n f l u e n c e  of  v e r t i c a l  l o a d  on t h e  non-  
n o r m a l i z e d  ( F  ) v e r s u s  s l i p  b e h a v i o r  of 
a F i r e s t o n e  1 $ . 0 0 x 2 0 / ~  on t h e  BADC 
a s p h a l t  s u r f a c e .  
The C S  pa rame te r  i s  c h a r a c t e r i s t i c a l l y  i n f l u e n c e d  by v e r t i c a l  
l oad  because  of  t h e  i n c r e a s i n g  l e n g t h  o f  t h e  t i r e - r o a d  c o n t a c t  
p a t c h  w i t h  i n c r e a s e d  l o a d .  I n  t h e  d a t a  p r e s e n t e d ,  t h e  l o a d  
r ange  i s  s u f f i c i e n t l y  b road  t h a t  t h e  Cs v e r s u s  F z  r e l a t i o n -  
s h i p  i s  s e e n  t o  s t i f f e n  markedly a t  t h e  h i g h e r  l o a d  l e v e l .  
As e x p e c t e d ,  however ,  C s  h a s  been  found t o  b e  u n a f f e c t e d  by 
v a r i a t i o n s  i n  v e l o c i t y  a s  was i l l u s t r a t e d  i n  t h e  no rma l i zed  
d a t a  c u r v e s  of  F i g u r e  1 4 .  
The " p - s l i p "  d a t a  ( such  a s  shown i n  F i g u r e  14) h a s  been 
reduced  f u r t h e r  t o  y i e l d  numeric  c h a r a c t e r i z a t i o n s  of  Fx/FZ 
a t  t h e  peak of t h e  cu rve  and a t  t h e  100% s l i p  ( o r  " s l i d e " )  
p o i n t .  These peak and s l i d e  c h a r a c t e r i z a t i o n s  a r e  u t i l i z e d ,  
i n  l a r g e  measu re ,  t o  i l l u s t r a t e  t h e  b a s i c  f i n d i n g s  of t h e  s t u d y .  
Le t  us  examine,  f i r s t ,  t h e  v a r i a t i o n  i n  per formance  
measured f o r  t h e  s i x - t i r e  sample a t  t h e  BADC ( a s p h a l t )  
f a c i l i t y .  F i g u r e  16 summarizes t h e  s a m p l e ' s  t r a c t i o n  s e n s i -  
t i v i t y  t o  no rma l i zed  v e r t i c a l  l o a d ,  i . e . ,  F Z / F Z ( r a t e d ) .  On 
r e c o g n i z i n g  t h a t  t h e  t i r e  sample i n c l u d e d  f o u r  " F " - r a t e d  
t i r e s  (open symbols)  and two "HI1-rated t i r e s  ( c l o s e d  symbols)  
we n o t e  t h a t  t h e  t r a c t i o n  d a t a  produced  by t h e  t i r e s  h a v i n g  
a common l o a d - r a n g e  r a t i n g  a r e  r a t h e r  t i g h t l y  grouped ,  
e s p e c i a l l y  w i t h  r e g a r d  t o  peak v a l u e s .  I t  i s  s u r p r i s i n g ,  
however ,  t h a t  t h e  s i z e  15x22.5/11 wide b a s e  s i n g l e  t i r e  
(code UU15) p r o v i d e s  such  a  s m a l l  increment  i n  no rma l i zed  
t r a c t i o n  when t h e  l o a d  i s  reduced  from t h e  r a t e d  v a l u e  ( 8 4 6 0  
l b s )  t o  0 . 4  o f  t h e  r a t e d  v a l u e  (3380 l b s )  . This  performance 
s u g g e s t s ,  f o r  example,  t h a t  t h e  wide b a s e  s i n g l e  i s  l e s s  
s u i t a b l e  f o r  o p e r a t i o n  a t  lower l o a d s  t h a n  t i r e s  which a r e  
r a t e d  i n  t h e  lower  l oad  r a n g e .  As shown i n  F i g u r e  1 7 ,  w i t h  
v e r t i c a l  l o a d  (non-norma l i zed )  p l o t t e d  on t h e  a x i s  of  a b s c i s s a ,  
t h e  wide b a s e  t i r e  p r o v i d e s  a  reduced  t r a c t i v e  per formance  
(compared t o  1 0 . 0 0 x 2 0 / F ' s )  when t h e  v a l u e  o f  F Z  i s  below abou t  
8000 l b s ,  Thus t h e  n o t i o n  t h a t  one can " t i r e - u p "  t o  r e s o l v e  
s t o p p i n g  per formance  d e f i c i e n c i e s  i n  heavy t r u c k s  may n o t  
be  a  u n i v e r s a l  axiom. 
T i r e  Codes 
Normalized Load, z 
/ ~ ~ r a + e ~ l  
F i g u r e  1 6 .  Normalized l o a d  s e n s i t i v i t y  i n  t h e  peak and 
s l i d e  t r a c t i o n  o f  t h e  s i x - t i r e  sample (on 
BADCts a s p h a l t ) .  
T i r e  Codes 
0 FTlO 
I .  I b I I I I 1 .  I # b I 1 
1 2  3 4  5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5  
Vertical load, ibs 
F i g u r e  1 7 .  Load s e n s i t i v i t y  (non-normal ized  a b s c i s s a )  i n  
t h e  peak and s l i d e  t r a c t i o n  o f  t h e  s i x - t i r e  
sample (on BADC a s p h a l t ) .  
b i g u r c  1 8  i l l u s t r a t e s  t h e  i n f l u e n c e  o f  v e l o c i t y  on 
t h c  nor rna l i zcd  t r a c t i o n  1,cIlavior o f  t h e  s i x - t i r e  sample  a s  
rncasurecl on t h e  a s p h a l t  t r a c k  a t  t h e  BADC f a c i l i t y .  The 
d a t a  s l ~ o \ ~  a r a t l i c r  narrow hand w i t h i n  t h e  r e s p e c t i v e  peak 
measurements  and s l i d e  measurements  a c r o s s  t h e  t i r e  s amp le ,  
w i t h  c o n s i s t e n t  g r o s s  t r e n d s  e x h i b i t e d  i n  a l l  c a s e s  e x c e p t ,  
p e r h a p s ,  i n  t h e  c a s e  o f  t h e  peak measurements  d e s c r i b i n g  t h e  
pe r fo rmance  o f  t h e  Goodyear 11x22 .5 /F  ( t u b e l e s s )  t i r e  (code  
GyS11). Uata from t h i s  t i r e  a r e  s e e n  t o  r i s e  from a  v a l u e  o f  
0 . 8 5  t o  0 . 9 2  o v e r  t h e  3- t o  10-mph v e l o c i t y  i nc r emen t  w h i l e  
t h e  same t i r e  i n  a  t u b e - t y p e  v e r s i o n  (10 .00x20 /F ,  code GyS10) 
s t a v s  v i r t u a l l y  c o n s t a n t  a t  . 9 3 - . 9 4 .  The d a t a  i n  F i g u r e  18  
a g a i n  p l a c e  t h e  H - r a t e d  t i r e s  (codes  FT12 and UU15) a t  t h e  
l o l i e r  boundary o f  pe r fo rmance  f o r  t h e s e  e x p e r i m e n t s  i n  which 
each t i r e  \Gas o p e r a t e d  a t  i t s  r a t e d  l o a d .  
To c h a r a c t e r i z e  t h e  r e p e a t a b i l i t y  o f  t h e  d a t a  p r e s e n t e d  
i n  F i g u r e s  16 t h rough  1 8 ,  t h e  d a t a  o b t a i n e d  i n  t h e  check  r u n s  
a r e  p l o t t e d ,  f o r  each  t i r e ,  i n  F i g u r e  1 9 .  Data  p o i n t s  a r e  
p r e s e n t e d ,  l e f t  t o  r i g h t ,  i n  t h e  o r d e r  i n  which t h e y  were  
o a t h e r e d .  B e l o ~ i  e ach  g roup  o f  peak and s l i d e  d a t a  p r e s e n t e d  5 
i n  1.igur-e 1 9  f o r  each  t i r e ,  t h e  s t a n d a r d  d e v i a t i o n  o f  t h e  
measures  i s  p r i n t e d .  In  g e n e r a l ,  t h e  i n d i c a t e d  r e p e a t a b i l i t i e s  
? r e  o f  c o n s i d e r a b l y  h l g h e r  q u a l i t y  t h a n  i s  o b s e r v e d ,  s a y ,  i n  
peak r e a d i n g s  g a t h e r e d  u s i n g  AST)I s k i d  t r a i l e r s .  I n  a d d i t i o n  
t o  t h e  o b s e r v e d  r e p e a t a b i l i t y ,  i t  i s  g r a t i f y i n g  t o  o b s e r v e  
t h a t  t h e  t e s t  p r o c e s s  i s  c a u s i n g  no monoton ic  t r e n d  i n  peak /  
s l i d e  c h a r a c t e r i s t i c s  a s  a  f u n c t i o n  o f  work h i s t o r y .  Thus we 
conc lude  t h a t  e ach  t i r e  sample  was behav ing  i n  a  s t a b l e  
f a s h i o n  t h r o u g h o u t  t h e  s equence  o f  t e s t  r u n s .  
These  r e s u l t s ,  a s  o b t a i n e d  by t e s t i n g  a  s e l e c t e d  sample  
o f  t i r e s  on t h e  a s p h a l t  s u r f a c e  a t  t h e  BADC f a c i l i t y  
g e n e r a l l y  c o n f i r m  t h e  measurements r e p o r t e d  e a r l i e r ,  e x c e p t  
i n s o f a r  a s  a b s o l u t e  v a l u e s  o f  t r a c t i o n  a r e  c o n c e r n e d .  A l s o ,  
T i r e  Codes 
0 FTlO 
D GySlO 
A G R J l O  
0 GySl l  
FT12 
U U l S  
Velocity, MPH 
F i g u r e  1 8 .  V e l o c i t y  s e n s i t i v i t y  o f  t h e  peak  and s l i d e  
t r a c t i o n  v a l u e s  f o r  t h e  s i x , - t i r e  sample  
(on BADC a s p h a l t ) .  
T i r e  Code 
@ F T l O  
~,--?-L.-,--..d 
=I T e s t  Runs 
F i g u r e  19. Peak and s l i d e  t r a c t i o n  measures  d e r i v i n g  from 
r e p e a t  r u n s  of  each  o f  t h e  s i x  t i r e s  t e s t e d  on 
t h e  a s p h a l t  t r a c k  a t  BADC.  
t h e  v e l o c i t y  s e n s i t i v i t y  of t h e  peak t r a c t i o n  per formance  
of  t h e  Gene ra l  Power J e t ,  10.00x20/F code G L J l O  ( a  t i r e  
examined i n  t h e  e a r l i e r  w o r k ) ,  was found t o  be l e s s  pronounced 
t h a n  r e p o r t e d  e a r l i e r .  
To demons t r a t e  t h e  i n f l u e n c e  of pavement s u r f a c e  
c h a r a c t e r i s t i c s  on peak and s l i d e  t r a c t i o n ,  t h e  measured 
r e s u l t s  have been  summarized a s  l o a d  and v e l o c i t y  s e n s i t i v i t i e s  
f o r  each of t h e  two b a s e l i n e  t i r e s  t e s t e d  on t h e  f o u r  t e s t  
s u r f a c e s .  F i g u r e s  2 0  and 2 1  i l l u s t r a t e  t h e  e x t e n t  t o  which 
t h e  f o u r  pavement s e l e c t i o n s  a l t e r e d  t h e  l o a d  s e n s i t i v i t i e s  
o f  each  t i r e .  While t h e r e  appea r s  t o  be a  changing  rank  among 
t h e  s u r f a c e s  i n  terms o f  t h e  peak and s l i d e  t r a c t i o n  v a l u e s  
o f  b o t h  t i r e s ,  t h e  two a s p h a l t  s u r f a c e s  g e n e r a l l y  p r o v i d e d  
h i g h e r  peak t r a c t i o n  per formances  t h a n  d i d  t h e  two c o n c r e t e  
s u r f a c e s .  
These same d a t a  a r e  r e p l o t t e d  i n  F i g u r e  2 2  t o  i l l u s t r a t e  
t h e  manner i n  which t h e  two b a s e l i n e  t i r e s  d i f f e r  i n  t h e i r  
g e n e r a t i o n  o f  b r a k i n g  f o r c e  on each of  t h e  f o u r  s u r f a c e s .  
These d a t a  i l l u s t r a t e  t h a t ,  a l t hough  one t i r e  may rank r a t h e r  
c o n s i s t e n t l y  h i g h e r  t h a n  a n o t h e r ,  t h e  s p r e a d  i n  t h e i r  
per formances  may be  l a r g e l y  s u r f a c e - d e p e n d e n t .  
F i g u r e s  23 and 2 4  i n d i c a t e  t h e  i n f l u e n c e  of t h e  pavement 
d i f f e r e n c e s  on v e l o c i t y  s c n s i t i v i t i c s .  Whereas p r e v i o u s l y  
r e p o r t e d  measurements i n d i c a t e d  a  profound d i f f e r e n c e  between 
peak t r a c t i o n  per formances  on c o n c r e t e  and a s p h a l t ,  t h e s e  d a t a  
show b a s i c a l l y  comparable  t r e n d s  among t h e  two a s p h a l t  and 
two c o n c r e t e  s u r f a c e s .  However, a  few c u r i o u s  d e p a r t u r e s  
from t h e  median b e h a v i o r  a r e  obse rved  i n  F i g u r e  2 4  i n  which 
e x c u r s i o n s  i n  t h e  s l i d e  v a l u e s  on t h e  BADC a s p h a l t  and t h e  
peak v a l u e s  on t h e  T R C  a s p h a l t  a r e  n o t a b l e .  
With t h e s e  same d a t a  p l o t t e d  i n  an a l t e r n a t e  f o r m a t ,  
F i g u r e  25 i l l u s t r a t e s  t h e  manner i n  which t h e  v e l o c i t y  
s e n s i t i v i t i e s  of  t h e  two b a s e l i n e  t i r e s  d i f f e r  a s  measured 
0 Dana Concre te  
gg BADC Aspha l t  
A T R C  Aspha l t  
0 T R C  Conc re t e  
Normalized Load, 
(ra tcd) 
F i g u r e  2 0 .  i n f l u e n c e  of  no rma l i zed  l o a d  on t h e  peak and s l i d e  
t r a c t i o n  of t h e  F i r e s t o n e  T r a n s p o r t  1 (lO.OOxZO/F) 
on f o u r  s u r f a c e s ,  
0 Dana Concrete  
@ B A N  Asphal t  
A TRC Asphal t  
0 TRC Concrete  
Normalized Load, z  dl . 
Figure  2 1 .  I n f l u e n c e  of normal ized  l o a d  on t h e  peak and s l i d e  
t r a c t i o n  of Goodyear Super H i  Mi le r  (10.00x20/F) 
on f o u r  s u r f a c e s .  
Normalized Load. Fz 
hz, .a led,  
Normalized Load, Fz F 
/z,raled, 
Figure 2 2 .  The di f fer ing influence of  pavement surface 
on the load s e n s i t i v i t i e s  of  two  t i r e s .  
0 Dana Concrete  
p BADC Aspha l t  
A TRC Aspha l t  




Figure  23.  I n f l u e n c e  of t e s t  v e l o c i t y  on t h e  peak and s l i d e  
t r a c t i o n  of t h e  F i r e s t o n e  T r a n s p o r t  1 (10 .OOx20/F) 
on f o u r  s u r f a c e s .  
0 Dana Concrete  
BADC Aspha l t  
A T R C  A s p h a l t  
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Velocity, MPH 
F i g u r e  2 4 .  I n f l u e n c e  of  t e s t  v e l o c i t y  on ' the  peak and s l i d e  
t r a c t i o n  of t h e  Goodyear Super  H i  M i l e r  ( 1 0  . O O x 2 0 / F )  
on f o u r  s u r f a c e s .  
0 FTlO 
1.00. 0 F T l O  
TRC C o n c r e t e  
r, IYT 10 
O FTlO 
A (+SIO 
B A D C  A s p h a l t  
Velocity, MPH Velocity. MPH 
F i g u r e  2 5 .  The d i f f e r i n g  i n f l u e n c e  o f  pavement s u r f a c e  
o n  t h e  v e l o c i t y  sensitivities o f  t w o  t i r e s .  
or c a c h  s u r f a c e .  I t  i s  s e e n  t h a t  t h e  two b a s e l i n e  t i r e s  e x h i b i t  
I I t i  i l l  v c > l o ~ . ~  t!  \c\ilsi t i v i  t y  011 t h e  two : ~ . . ; p h a l t  
- u ~ - i . a c c s .  In a d d i t i o n ,  t h e  o v e r a l l  t r a c t i o n  pe r fo rmance  o f  t h e  
[ < i r e s t o n e  t i r e  (code F T 1 0 )  i s  g e n e r a l l y  s u p e r i o r  on t h e  BADC 
~ i s p h a l t ,  \ c h i l e  t h e  Goodyear t i r e  (code  GyS10) e x h i b i t s  d e c i d e d l y  
s u p e r i o r  t r a c t i o n  pe r fo rmance  on t h e  T R C  a s p h a l t  s u r f a c e .  
The d a t a  i n  F i g u r e  26  a r e  p r e s e n t e d  i n  v ie \<  o f  t h e  
c o n ~ i n u i n g  d i s c u s s i o n  ove r  t h e  m e r i t s  o f  t h e  ASTbI s k i d  number 
n e a ~ u r e m e n t  a s  a  t e s t  pavement c h a r a c t e r i z a t i o n .  The f i g u r e  
p r e s e n t s  t h e  mean v a l u e s  of  peak and s l i d e  t r a c t i o n  which 
d e r i v e d  from t h e  r e p e a t e d  check r u n s  on t h e  two b a s e l i n e  t i r e s .  
.As s h o u n ,  t h e s e  d a t a  a r e  p l o t t e d  v e r s u s  t h e  most r e c e n t  SN40 
(cir).) nleasgrements which were  a v a i l a b l e  f o r  e ach  s u r f a c e .  S i n c e ,  
3s indicated e a r l i e r ,  SN measurements  were  n o t  a v a i l a b l e  con -  
c u r r e n t l y  i t ~ i t h  HSRI's  t e s t  o p e r a t i o n s  a t  t h e  Dana and TRC 
f a c i l i t i e s ,  F i g u r e  2 6  does  n o t  c o n s t i t u t e  a  h i g h  q u a l i t y  examina-  
t i o n  of t h e  i n d i c a t e d  r e l a t i o n s h i p s ,  and t h u s  no c o r r e l a t i o n  
c o e f f i c i e n t s  have been  computed.  No te ,  h o x e v e r ,  t h a t  on s u r -  
f a c e s  ~ q i t h  SS v a l u e s  from 7 5  t o  82  t h e s e  t r u c k  t i r e s  were  40 
onl \ .  a b l e  t o  p roduce  l ocked -whee l  f r i c t i o n  v a l u e s  o f  a p p r o x i m a t e l y  
0 . 6 .  
To characterize t h e  s t a t i s t i c a l  r e p e a t a b i l i t y  o f  t h e  
d a t a  d e s c r i b i n g  pavement i n f l u e n c e s ,  t h e  "check run"  v a l u e s  
o f  peah and  s l i d e  t r a c t i o n  a r e  p l o t t e d  f o r  each  b a s e l i n e  t i r e  
I;: : l g u r e s  2 7  and 2 8 .  'is b e f o r e ,  t h e s e  d a t a  p o i n t s  a r e  p l o t t e d  
1-10. l e f t  to r l g h t  a s  t h e y  were a c q u i r e d .  I t  i s  s i g n i f i c a n t  t o  
n o t e  t h a t  t h e  h i g h e l -  v a r i a b i l i t y  i n  t h e  r e p e a t e d  check run  
men\urements  indicated f o r  t h e  TKC-concrete  d a t a  i s  common t o  
l ) o t l  t i r e  s amp le s .  I t  i s  b e l i e v e d  t h a t  t h i s  v a r i a b i l i t y  d e r i v e s  
fronl a s p a t i a l  i n ; ~ o m o g e n e i t y  i ih ich  c h a r a c t e r i z e s  t h e  T R C  H i  
5 p c c d  Yrack f a c i l i t y .  'is a  consequence  of a  pavement g r i n d i n g  
o p e r a t i o n  \ \ h ~ c h  \ \ a s  err.ployed t o  c o r r e c t  c e r t a i n  "h igh  s p o t s "  
\:llicil ensued  from t h e  pav ing  p r o c e s s ,  t h e r e  e x i s t  a r e a s  o f  
d l  f l ' c r i n i  s u r f a c e  t e x t u r e  (and a p p a r e n t l y  d i f f e r i n g  f r i c t i o n  
0 F T l O  
ASTM Skid Number 
F i g u r e  2 6 .  C o r r e l a t i . o n  between t h e  mean peak and s l i d e  v a l u e s  
measured among t h e  r e p e a t  runs  of  each  of  two t i r e s  
and t h e  r e s p e c t i v e  SN40 measurements on each  of  
f o u r  t e s t  pavements ,  
g RADC A s p h a l t  
A "TRC A s p h a l t  
3 TRC Conc re t e  
1 T e s t  Runs 
F i g u r e  2 - .  Fcak and s l i d e  v a l u e s  d e r i v i n g  f rom r e p e a t  r u n s  o f  
the F i r e s t o n e  ' l r a n s p o r t  1 (10 .00x20/F)  on 
f o u r  s u r f a c e s .  
0 Dana Concre te  
BADC Aspha l t  
A TRC Asphal t  
F i g u r e  28. Peak and s l i d e  v a l u e s  d e r i v i n g  from r e p e a t  runs  
of  t h e  Goodyear Super  H i  F l i l e r  (10.00x20/F) 
on f o u r  s u r f a c e s ,  
p o t e n t i a l ) ,  among which a r e a s  HSRI d i d  n o t  d i s c r i m i n a t e  i n  
c o n d u c t i n g  i t s  t r a c t i o n  e x p e r i m e n t s .  
Comparing t h e  r e p e a t a b i l i t y  d a t a  p r e s e n t e d  i n  F i g u r e s  
7 - - . i ~ i i l  2 8  anLl p r e v i o u s l y  i n  I ' i g u r c  1 9 ,  i t  would a p p e a r  t h a t  
t h e  r e p e a t a b i l i t y  o f  z \ easurements  o f  t r u c k  t i r e  l o n g i t u d i n a l  
t r a c t i o n  depends  more upon pavement u n i f o r m i t y  t h a n  upon t h e  
s t a t i o n a r i t y  o f  i n n a t e  t i r e  p r o p e r t i e s .  
Dur ing  t h e  same t i m e  f rame  i n  which t h e  p r e s e n t e d  d a t a  
\:,ere g a t h e r e d ,  a s e t  o f  measurements  were  made on a  U n i r o y a l  
T r i p l e  I r e a d  1 0 . 0 0 x 2 0 / F  sample  a t  t h e  G e n e r a l  ? l o t o r s  P r o v i n g  
[ ; rounds  i n  \ l i l f o r d ,  h f i ch igan .  Given t h e  g e n e r a l  d e a r t h  o f  
a v a i l a b l e  t r u c k  t i r e  t r a c t i o n  d a t a ,  t h e s e  measurements  a r e  
i n c l u d e d  h e r e i n  f o r  f u r t h e r  c o m p a r i s o n  w i t h  t h e  measurements  
a l r e a d y  p r e s e n t e d .  
I i g u r c s  29 and 30 she\+ t h a t  t h e  d a t a  t a k e n  on GM's 
a s p h a l t - p a v e d  I ' e h i ~ l e  Dynamics T e s t  Area  complement b o t h  t h e  
t r e n d s  m d  t i le  a b s q l u t e  v a l u e s  d e s c r i b e d  by t h e  e n v e l o p e  o f  d a t a  
t a k e n  on a l l  1 0 . 0 0 ~ 2 0 / ! -  t i r e s  on a l l  s u r f a c e s  examined i n  t h i s  
5 t u d y .  .Pile d a t a  p o i n t s  shown i n  F i g u r e  30 s h o u l d  a c t u a l l y  b e  
ad 1 u s t e d  dorinl$ard,  h o l i e v e r ,  by a  v a l u e  o f  a p p r o x i m a t e l y  0 .04  
t o  a c c o u n t  f o r  t h e  4 2 0 0  l b .  1 - e r t i c a l  l o a d  a t  which  t h e s e  d a t a  
\ , e r e  ga the red- in  c o n t r a s t  t o  t h e  n o m i n a l l y  5400 l b ,  l o a d  a t  
\ t h i c h  a1 1 o t h e r  v e l o c i  t ? , - s ~ + e e p  d a t a  were  g a t h e r e d  on 1 0 . 0 0 x 2 0 / F  
t i  l e s .  This  a d j u ~ t ~ ~ l e n t  ( e s t i m a t e d  f rom t h e  l o a d  s e n s i t i v i t i e s  
sholtn i n  F i g u r e  2 9 )  g i v e s  t h e  Ghl-Uniroyal  T r i p l e  T r e a d  combina-  
t i o n  a  n e a r l y  medlan l o c u s  w i t h i n  t h e  e n v e l o p e  o f  measurements  
11lade i n  t h i s  s t u d ? .  . ' i l s o ,  t h e  r e p e a t a b i l i t y  m e a s u r e s  r e n d e r  
a  s t a n d a r d  d e v i a t i o n  c o m p a r a b l e  t o  t h a t  o b t a i n e d  w i t h  t h e  two 
b a i e l i n e  t i r c s  on TRC's l T e h i c l e  Dynamics A r e a  (an  a s p h a l t  
s u r f a c e ) .  
Q Uni roya l  T r i p l e  
Tread  10.00x20/F 
Normalized Load, Fz 
h . . + e d I  , 
F i g u r e  2 9 .  The l o a d  s e n s i t i v i t y  o f  peak and s l i d e  t r a c t i o n  
o b t a i n e d  f o r  a  Un i roya l  T r i p l e  Tread  (10.00x20/F) 
a t  G.M. Prov ing  ~ r o u n d s - - - o v e r l a i d  on t h e  enve lope  o f  
a l l  o t h e r  (10.00x20/F) d a t a  g a t h e r e d  on f o u r  o t h e r  
s u r f a c e s  i n  t h i s  s t u d y .  
4 3  
@ U n i r o y a l  T r i p l e  
T r e a d  (10 .00x20/F)  
.Fir 
1 
I T *- . P - m <  .>% IC J,-ULPL. 
k 10 23 30 40 50 
Velocity, MPIi 
k i g u r e  30.  The v e l o c i t y  s e n s i t i v i t y  o f  peak  and s l i d e  t r a c t i o n  
o b t a i n e d  f o r  a  U n i r o y a l  T r i p l e  T r e a d  (10 .00x20/F)  a t  
G . N .  P r o v i n g  Grounds---over la id  on t h e  e n v e l o p e  o f  a l l  
o t h e r  (10 .00x20/F)  d a t a  g a t h e r e d  on f o u r  o t h e r  s u r f a c e s  
i n  t h i s  s t u d y .  
4 . 0  CONCLUDING REMARKS 
Al though t h e  d a t a  p r e s e n t e d  h e r e i n  r e p r e s e n t  a  l i m i t e d  
examina t i on  of  an i m p o r t a n t  group o f  t r a c t i o n  i n f l u e n c e s ,  i t  
i s  b e l i e v e d  t h a t  t h e y  e s t a b l i s h ,  t o  f i r s t  o r d e r ,  t h e  b e h a v i o r a l  
mechanisms i n v o l v e d  i n  t h e  g e n e r a t i o n  o f  l o n g i t u d i n a l  t r a c t i o n  
by t r u c k  t i r e s  on d r y  s u r f a c e s .  Insomuch a s  t h e s e  d a t a  a r e  
o f f e r e d  w i t h  a  h i g h  c o n f i d e n c e  a s  t o  t h e i r  v a l i d i t y  w i t h i n  t h e  
s p e c i f i e d  t o l e r a n c e s ,  t h e y  r e p r e s e n t  p r o p e r t i e s  t o  b e  reckoned  
w i t h  i n  t h e  d e s i g n  o f  v e h i c l e s  t o  a c h i e v e  d e s i r e d  l e v e l s  o f  
l i m i t  b r a k i n g  pe r fo rmance .  
C l e a r l y ,  much more e x p e r i m e n t a l  work needs  t o  b e  done ,  
and t h e  r e s u l t s  made a v a i l a b l e ,  b e f o r e  t h e  g e n e r a l  f i e l d  o f  
t r u c k  t i r e  t r a c t i o n  mechanics  can b e  c a l l e d  a  t e c h n o l o g y .  I n  
p a r t i c u l a r ,  t h e  per formance  of t r u c k  t i r e s  needs  t o  b e  examined 
on w e t t e d  s u r f a c e s  and under  d i f f e r i n g  s u r f a c e  con t aminan t  
c o n d i t i o n s  such  a s  f o l l o w s  w i n t e r t i m e  s a l t i n g .  A b r o a d e r  b a s e  
of t r u c k  t i r e  l o n g i t u d i n a l  t r a c t i o n  d a t a  i s  needed t o  e s t a b l i s h  
t h e  d e g r e e  of  g e n e r a l i t y  which i s  a p p l i c a b l e  t o  f i n d i n g s  p r e -  
s e n t e d  h e r e i n .  Exper iments  s h o u l d  a l s o  b e  d e s i g n e d  and 
c o n d u c t e d  t o  i n v e s t i g a t e ,  on an e l e m e n t a l  l e v e l ,  t h e  mechanics 
o f  d r y  t r a c t i o n  such  a s  a p p l i e s  t o  t h e  o p e r a t i n g  c o n d i t i o n s  and 
t r e a d  m a t e r i a l s  of  heavy t r u c k  t i r e s .  I n s i g h t  i n t o  t h e  mechanisms 
i n v o l v e d  i n  t h e  p rofound  p e a k - t o - s l i d e  " f a l l - o f f "  o f  heavy 
t r u c k  t i r e s  o p e r a t i n g  on d r y  pavements would b e  u s e f u l  t o  t h e  
development  of  an adequa t e  s e m i - e m p i r i c a l  model of  t h e  p r o c e s s  
and f o r  t h e  d e s i g n  o f  t i r e s  w i t h  improved b r a k i n g  per formance  
a t  h i g h  s l i p .  
A b r o a d ,  c a r e f u l l y - d e s i g n e d  e v a l u a t i o n  of  t h e  ASTM s k i d  
number a s  a  c h a r a c t e r i z e r  o f  pavements f o r  u s e  i n  t r u c k  t i r e  
t e s t i n g  s h o u l d  be  u n d e r t a k e n .  
E f f o r t s  s h o u l d  a l s o  b e  d i r e c t e d  a t  t h e  development o f  
a  s t a n d a r d  p r a c t i c e  i n  t r u c k  t i r e  p r e p a r a t i o n  t h a t  i s  b o t h  
maximal ly  e f f i c i e n t  and comprehens ive ly  e f f e c t i v e  i n  a s s u r i n g  
s t a b l e ,  r e p r e s e n t a t i v e  samples  f o r  t e s t i n g .  
F i n a l l y ,  t h e  work b e i n g  done a t  WSRI and e l s e w h e r e  t o  
i n v e s t i g a t e  t h e  l o n g i t u d i n a l  t r a c t i o n  mechanics  o f  t r u c k  t i r e s  
s h o u l d  be  expanded i n t o  t h e  a n g u l a r  s l i p  and combined s l i p  
p o r t i o n s  of t h e  t r a c t i o n  f i e l d  s o  t h a t  a  comprehensive  u n d e r -  
s t a n d i n g  o f  t h i s  c r i t i c a l  t r u c k  component c an  b e  deve loped .  
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APPENDIX iZ 
PROCESSED TIRE TRACTION DATA 
T h i s  a p p e n d i x  p r e s e n t s  t a b u l a r  a n d  g r a p h i c  d i s p l a y s  o f  
t h e  m e a s u r e d  l o n g i t u d i n a l  t r a c t i o n  p e r f o r m a n c e  o f :  
a )  The s i x - t i r e  s a m p l e  w h i c h  was t e s t e d  on 
t h e  a s p h a l t  t r a c k  a t  t h e  B e n d i x  A u t o m o t i v e  
Development  C e n t e r .  
b )  The two b a s e l i n e  t i r e  s a m p l e s  t e s t e d  on  t h e  
c o n c r e t e  t r a c k  a t  t h e  Dana C o r p o r a t i o n ' s  
t r u c k  t e s t  c e n t e r .  
c )  The t ~ o  b a s e l i n e  t i r e  s a m p l e s  t e s t e d  on 
t h e  a s p h a l t  v e h i c l e  dynamics  a r e a  a t  t h e  
T r a n s p o r t a t i o n  R e s e a r c h  C e n t e r  o f  Ohio  
(TRC) . 
d )  The two b a s e l i - n e  t i r e  s a m p l e s  t e s t e d  on 
t h e  c o n c r e t e  h i - s p e e d  t r a c k  a t  TRC. 
The t a b u l a t e d  d a t a  d e s c r i b e  a v e r a g e d  v a l u e s  o f  MUX -
( i . e . ,  Fx/Fm), TORQUE ( i . e . ,  b r a k e  t o r q u e ) ,  a n d  FX a t  e a c h  - 
o f  2 7  v a l u e s  o f  l o n g i t u d i n a l  s l i p .  A d j a c e n t  t o  t h e  t a b l e  i s  
a l s o  p r i n t e d  t h e  t e s t  c o n d i t i o n s  o f  l o a d  and v e l o c i t y ,  a s  
l c e l l  a s  p e a k  (I1IJPEP.K) a n d  s l i d e  (?1I lLOCK) v a l u e s  o f  Fx/FZ. I n  
t h e  t a b u l a t e d  l i s t i n g s  t h e  u n i t s  f o r  e a c h  v a r i a b l e  a r e  a s  
f o l l o r i s .  
S L I P  - l i s t e d  a s  d e c i m a l  f r a c t i o n s ,  whereby  
, 3 0 ,  f o r  e x a n p l e ,  i s  30% s l i p  
d i m e n s i o n l e s s  
TORQUE - in- l b s  
l b s .  
For each  t i r e - p a v e m e n t  combina t ion  d a t a  d e r i v i n g  f rom t h e  s i x  
v e l o c i t y  sweep runs  a r e  p r e s e n t e d  f i r s t ,  f o l l o w e d  by measure -  
ments from t h e  t h r e e  l o a d  sweep runs  and t h e n  b y  t h e  check 




* b  1-D F ILE  110 
avEarCf F T L F  114 FnR 6 RLCOIDI, 
S L  i p  H I I X  ~ n u ~ u r  
* I , & @  m , m i l  1.1 
0 .82  #,I? 1 4 7 ~ 7 , 5  
@.Pa 0.29 2b15b15 
d."b 11.U2 19717.2 
@ , @ 8  r . 51  51219,4 
0 .  IP a , h u  ~ Z I J ~ I I  
i ' * 1?  8.711 7197U.O 
?. I U  0.82 lP11U.1 
P. Ib 1.111 8SP12,L 
4 - 1 9  7.91 q~az1 .2  
@,2*  1.09 93168,2 
v , 2 5  n.99 99885.1 
? , 3 *  1.01 Ifl3U3D.O 
U.35 1.81 184101.b 
c.Uil I . P l  lR3bR5,I  
a.45 l.nP 102bb la3  
d . 5 1  I , m +  I 81521a6  
*.\5 7.99 IBP271.b 
* , en  P.9P 98919, t  
# . a 5  a.96 916Sfl, 1 
J, 1P P.95 96111,Z 
r.19 M,PU 9u9b9.8 
P.RP fi.93 93623.1 
0.85 ",Q2 q 2 2 l u , I  
v.9P P.91 9884R. b 
M.95 P,PQ 09215.1 
lad+' P.nP 11>15,R 
N L U  F l L E  41 I L S ?  SIMPLf201 * *  











Pb9b11 TOIV s 8 ~ 1 1 ~ ~ 8  L O A D  . S ~ B S . J  VLL  m 1.0 nPu. 
4152,2 









Y l l l l ,B  
11184.1 
4727.1 
l b lE .8  





















R 1 5 5  
8, b0 
R,h5 






* *  1.D FICC IIP 
























~ , 0 5  PPCBIII 
8.83 88L43.6 
n.na 8 3 8 9 1 ~ 1  
(1.78 76695,2 
R.16 72200.0 
N E W  FILE 42 I ltST l I M L L E E U 2  en  

























































** 1-0 FILL I2R 





























lQbV 1 72854.2 LO10 . 5226.1 VLL . 10.8 *Pu. 
VUCCIK I 1.81 MULOCK 1 0,8A RIllO m 1.29 
NEW FILC 41 lfll SIMPLELBI ** 





































I * * * I 
I . I I I 
* I * I 
U I I .  I 
X I . I 
I. 1 - 1  




1 * I 



































P . a  . .................................................................................................. 
8.v~ L O * G I ~ U D I U A L  S L I P  IAA,RII 
i l  = 5226.7 V t L  : 1n.P MILOC* fl.86' WPEAK . ] . a )  RATIO s l,ZO A-0 FILL IZP M**ILL 0 1  
* *  A.0 ? l L L  I 2 5  
A V E R A G E  flF f 1 L C  123 FOR b P C C O R D I ,  
S L I P  MUX TORQUC 
0,RR @.em 018 
0,UZ R.19 19PEZ.3 
8.04 0.36 3661515 
0,Bb P,50 51A16a1 
0.08 A,bI bZ130,5 
0 ~ 1 0  @,I! 1 3 5 2 4 ~ 1  
8.12 R,80 8ZbI9,R 
E n l 9  0,86 VRL~ I I I I  
011b n,Vl  Vl032,  I 
B,I R , ~ U  101131,r 
8,28 P.95 I B J 5 f 1 , J  
0.25 @,9S 18?110,8 
0.38 R,94 1B9193,Y 
0.35 8.92 I l Z 1 1 1 1 4  
0.4P 0 ~ P 1  1 l U l l P . Z  
8,45 fi, 89 11591?,9 
R,5C1 P,8l 111925.1 
0.55 8.05 119h12,h 
0, O R  0,811 l 2A f2Z l4  
8.65 a ,02  I I99b1,O 
8 ~ 1 8  8.80 1 1 b 3 5 3 ~ 1  
0.15 8,18 1 1 8 8 9 ~ . 8  
R , O R  8.15 IBPS92,S 
8 , 0 5  8,13 V~OJPIV 
0.98 8.10 8503?,5 
0195 0.b8 111?51U 
1,AB a t 6 5  b511@,8 
r1RCSTONE TRANSPORT I 1B,R.Z01F DRY ISPUALT f S , B , )  
1.8 .................................................................................................... 
1  I 
F 2  i 5591.7 V F L  . 28.8 MllLOCY s R . 6 5  r U P t 4 ~  a 8.95 P A 1 1 0  z l .Ub ADD F ILE  125 N b F I L C  4 5  SAqPLE 285 
* t  6.0 llLl I26 
IYLIIEL OF FILL 126 FOR b UECORDS. 
M U K  TOROUE 













a.q2 ~ I ~ I I J , ~  
R,BP 11145514 
A,@? 1121168, h 









I,bU 73089. I 
0.61 b21b6,l 
NEW f l ~ k  Ub lL61 SlMVLEIEb 4t 
FIRESlONE lRlN8POST 1 10.0-2011 DRY ASPN4Ll I S , R , )  
I K 
f 7  1 5 4 2 7 . e  V f L  * 3P.V " I J L O C K  . 0.61 MUPLIK a 8.95 11110 s 1-56 1.0 TILE I26 NWFlLE o h  S I M P L E  EAb 




























N E M  F I L L  d7 T t 8 T  S A Y P L E L B ~  t t  











4881,5 TP4V m 98500,B L o b 0  s 5584.9 YEL a 40.F HPn. 
48PU,O 
















FIRESTOHE TRANSPORT I 18,0.2A/F DRY L6PMALT f 8 , 0 , )  




















I '  I I 
I I I 
I - 1 

































































n , a  . ....................... .......................................................................... 
F Z  s 5584.9 V I L  I 4h.R *ULnCCY a 8 . 5 5  YUPEAY i 8.91 RAT10 s 1.00 I - D  F I L E  13P NU8ILL U 7  S4MPI . t  211 
** 4.D FILE 131 HtY FILL 48' T C l l  SIWPLE2#0 ** 
IVESAGL OF FILE 131 FOR b R E C O R D I ,  FIREITONE TRAN8PORl I IR,O.ZBIF DRY A8PHILl ( S , R , l  
HUX 
T P A V  1 97721,Z LOAD 8 57RP.U V F L  s 55 ,0  MPr. 
YUPEIK 8 8 . 8 8  YULOCX 8 8 . 5 4  RATIO . I,b2 
I I I 
I I I 
I I I 
I * 1 
I * 
I I 
I - -1 
























8 . a  I ------.-.--............ ................................................................. 
0 . P L  LOUGI7UDINAL SLlP l A R , R 8  
rz a 5 ? P q , u  V'L * 5 3 , P  * O L O C I  * A . 5 u  MUPEIK . V . 0 1  RAlIO 8 1.62 1-0 F I L E  I31 UYFILC (iP S A W L f  288 
56 




























.* A-0 F ILE  136 





R ,  bu 1 0 1 1 a 8  
A,?8 3b38S1Y 
0.88 41bsl.a 


















P, 70 51441.1 
e,aa 40b0111 
R ,  66 2879R.D 
NEW TILE 5 d  TEST SAWPLE2le t*  











2319,8 TOAV 2875#,8 LOAD 8 22bEa8 V t L  m U0,B MPH. 
2188.4 
















TIRESTONE TRANSPORT 1 10,8.20/P D R Y  ASPHALT ( $ , B , )  
1.2 .................................................. ........................................... 
I r 
FZ s 22611.0 VIL * P P , R  MIILOCY . R,b6 MUPEAK a 1.03 RAT10 I 1.56 1.0 FILE 13b N U r l L I  5 R  S I M P L E  2 t P  
* r  4.D F I L E  I 3 1  
IVERIGL OF F l L E  I 3 1  FOR 6 RLCORDI, 
MUX fOROUf 
9 , I R  0.e 
B.ZW 22156.4 
@ , I 5  311238,U 
P.49 52*71.1 
8.61 b703T.T 
# + T I  78515e1  






8 ~ 1 8  I I279R.8 
8185 I l 4 1 3 5 1 8  
8.83 115867e3 
8.111 116315,5 
R ,  79 116629.1 
P.71 117536.6 
9,74 t l 8 3 6 ~ 1 a  
P . 7 2  119110,Z 
a, 69 IIPU53.0 
a , b l  111120.8 
V - 6 5  11R938ma 
n . 0 3  lBAJ1315 
@ , b l  874U7. b 
8 - 5 9  73q IOn I  
8 .46  5995843 
NEM F I L E  5 1  TEST SIMPLE211 * *  











4 9 B l 1 3  TOIV 8 svq58,3 L O A D  s 557a.0 V F L  I u o , ~  r P u .  
4951.5 
4874.9 *U?EIK I # ,e l  HULOCK * 0,36 RATIO 1 1.61 
4770.4 














R ,  PV LOkGITUDlNIL S L I P  10% .Ri 







8 ~ 1 2  
0 , I U  
A.16 
B , l 1  
8 .28 
8.25 





0 ~ 5 5  
0.bP 








a *  1.0 F I L E  1 3 1  
AVERIGC OF F I L E  I11 FOR a RECORDS. 
MUX TORQUE 
P,RR 8 8 8  
8.19 2488U,2 
R,25 4 3 2 3 4 1 3  
8.34 b0R.32. b 
0.41 ?UQU1.9 
A ~ 5 0  07807.2  
R,S7 IBAflRb.1 
n,bb l I b 0 1 2 . B  
0 1 7 1  I2OAU0,U 
0,7B 1 1 b 8 8 b 1 0  
8 ,R i r  I11 l018,J  
P,8@ l U b b l B . 9  
R,79 1 4 9 9 1 5 1 8  
0.77 I S l b l f l ~ S  
0,7S 152217.0 
0.73 I S 2 0 U I I b  
8 , l l  151318,7  
R,bP I 5 0 1 1 2 . 0  
8.67 1511254,Z 
0, b 5  1 4 9 9 b 4 4 S  
A, b S  1 4 P 1 9 b 1 4  
g a b 1  14b919.5 
R.59 140538,Z 
8 . 5 1  IZPb92.P 
P,55 115578.1  
0.53 lMPY10.U 
p a 5 1  84270.8 
NEW F I L L  5 2 '  TCST 8 I M P L E I I 2  
TIRLSTONE TPAYIPORT 1 IB,R-Z#/?  ORV I t P U A L T  (8,a.l  










bb8b.S T Q I V  m 8 4 2 ? B , I  LO10 s ( IPS.1  V l L  a 48,E MPu. 
l 0 3 1 , b  
1815.0  MUPEAR 1 8.89 MULOCK 1 0.31 l I T l 0  S l t Y b  
b e c l , a  
b818,S 
bb97.S 
6 4 1 4 1 3  
b29U.Z 





5 2 1 2 , 1  
S0b6,O 
489blA 
412U. I  
4550.0 
F lRESTOsE TRANSPORT 1 18,0-28/F  DRY LSPHALT 11,8,)  
1.a ........................................................................... I.....--.....-----...-.-. 
I I 
I I 
r t  1.D F I L C  112 
I V L R I t C  OF F I L L  132 FOR 6 RECOnDSl 
HIJX I O l Q U L  
@,( ly l  A,@ 
A,14 IUllDeV 




P , & U  121b8,8 




















N C Y  FILE 1 9 1   car I ~ N P L L Z D ~  I* 
F1RESTONE lRAN1PORT I I @ , l r Z l l F  DRY ASPHALT L 8 , I , )  
F x 
F IRESTONE lEAN8PDRT I 10.R.ZflIF DRY ASPHALl  ( 8 . 8 , )  











I t *  









I I I 
I * -I 
I 














0,Pa L O H G I I U D I N A L  S L I P  I 0 R . R P  
F Z  R 5bJP,I d f L  :fl "IJLOCK a 8 .57 UUPCAK = R , R O  94110 a 1.57 I - D  f l L t  132 N U F I L L  U9 S I r P L C  109 
* r  A-O F I L E  1 1 9  NEW V l L C  5 1  T E t l  SAMPLE113 r t  
AVERAGE OF F l L E  1 3 9  FOR 5 RECORDS, r l R E 9 l O N L  TQANSPORT I I @ , I . Z O / F  D R Y  ASPHALT t 1 , 0 , 1  
9 L I P  M U Y  TORQUE FX 
L ~ W G I T U O I N A L  S L I P  





S L I P  
V . P A  
d , 8 2  
2.211 
B,Ob 
e , c a  
0 , I B  
0.12 
R . ! Q  
8.16 









R. 6 0  
fl.65 






t . e P  
TOIV 1 11112.5  LOAD 8 55flV.2 V I L  1 l 0 .P  *pH. 
MUPEAK s 8.911 MULOCK 8 0 , l R  QAT10 = I . J 9  
I 
*EM F I L C  5 6  If87 SIMPLE152 * *  
GOODYEAR (UPLO MI-MlLER 1 8 . 8 - L l l l  D R Y  I I P U I L T  (S.0.1 
I Y  
8,B 
51b.5  
l IOP.5  
1888.7 
1 5 0 I , U  
291P18 




4 9 4 6 , U  











' J l l 7 , l  
YRb2, l  
JPU5,5 
3 8 2 2 , l  
3bPl .2  
F Z  : 5 5 ~ 9 . 7  V F L  . I R . ~ U L @ C U  = m . 7 ~  MUPEIK s @.PI ~ ~ 7 1 0  i 1,35 I-D F I L E  l a 8  4 U F I L E  36 SIMPLE 2 5 2  , d 
* *  A.0 F I L E  1UP 
AVERAGE OF r l L E  1sV TOR 6 RECORD38 
* U X  TORQUE 
R,R8 R B R  
U, 1 8  l V T 5 5 a 0  
R,31 34672.8  
R,UZ U7P8110 
8 ,$3 5q447.5  
P,b3 bPVZR, 3 
P.71 T87b5.1  
61.17 8 5 7 5 2 1 9  
8 ~ 8 3  . 90838.0  
0 , R l  94088,b  
P.00 9 7 7 1 1 , 2  
a,01 181665.3  
0 , q I  1 0 3 U 8 , B  
0,9P l R P R 3 l .  3 
R,89 1 1 1 1 4 1 ~ 1  
P,87 1127'JI,Z 
R,8b 1 1 3 9 2 1 n 2  
P.OU 114078,Z 
P,82 1 1 5 9 2 U a b  
P.80 1 1 6 1 3 3 1 4  
0,78 1 1 4 3 i b 1 4  
R,Tb 1 0 0 P 5 5 a 5  
8 ,13 1 A l I b 2 1 U  
R.71 9 0 5 0 9 , 3  
8 ,b8 85P30,P 
8.65 7 5 7 3 3 1 q  
R , b l  6 3 2 1 B 1 8  
T0AV 1 65210,O LObD 8 5 5 0 2 8 8  YEL W 2 8 . I  WPM. 
3UCLAK a 0.91 MULOCK 0,6$ P I 1 1 0  1.Pb 
I 
UE* F I L E  5 7  TEST SAMPLE253 * t  










P 4 8 5 . l  










4 2 b 1 1 1  
U l 5 U . l  
4SU1.8 
3 I I 0 , I  
3111,1  
l b 5 2 a U  
3514.7 
33T2,5  
t *  A-D F I L L  1 5 0  
AVERAGE OC F I L L  198 TOR U Q L C O R D I ,  
MUX TOROUC 
I 
HE* r l L c  5 8  T C ~ T  a A w L r z s a  a* 
GOODYCIR lUPLR HI -MILCR 10,E-281? DRY ASPWILT O o B , )  
3119.b 




4 6 8 9 , B  TOIV a buOJ1,Z LOAD rn 5 5 1 Z 1 2  VEL 3 0 . 0  




A V E R I G l  nF F I L E  1 5 1  
S L I P  HIJX 
B.PR 8 ,88  
0.Q2 R.18 
0.04 @ , I 2  
0.Bb 0.411 
8,00 R,55 
8 .  l R  R,bU 
0 .12 0 1 1 2  
8.111 R.78 
0 . I b  8,111 
P. 1 0  R a 8 b  
R , Z R  11.87 
8 - 2 3  8.88 
P , I P  R,b8 
R.15 P,81 




R,bP a .76 
8 ,  b 3  0.74 
@.7R a.72 
Om15 A,18 
0 . 8 8  il, bP 
0,85 a , b l  
R.9Q 1 ,b5 
@,PS e . 6 1  
I s 0 P  0 , h I  
t *  1-D F I L E  1 5 1  
FOR 5 PECOUD8. 
TORDUE 
B l l l  
1P197.J  
35U58,P 
4 0 5 3 9 ,  I 
b I b 8 8 , b  






l f lS281,b  
1 8 7 9 $ 7 , 0  
1RV11U,8 
11132b,E 
I l Z 8 U 3 , P  
l I U Z B b ~ 1  
i l S U 7 9 , 8  
I l b b b b , 2  
l I l 3 U 5 . S  





7 b Z b l a l  
b15511,8 
TQlV a b355R,B L O I D  S 5561.1  VEL U O , B  *pH. 
MUPLIK m 1 ,81  MULOCK 1 0 , b l  1 1 1 1 0  l e a 3  
NCW f l L l  59 '  T E S T  S I M P L E 2 5 5  * *  
COOOYCIR SUPER n I - M l L E R  ~R,R-PBIT D R V  I ~ P U A L T  ( s , u , )  
r Y 
Rae. 
0 8 8 , s  
1792.8 
2 4 4 4 . 5  
S O l l l l  
35U>,b 
l V b b . 9  
UZ89,P 
0538.1  
1 1 1 4 , l  
4778.6  
U 1 1 7 1 0  
413U,1  
U b S 8 , l  
455P.3 
4403.1  
4 3 1 2 4 3  




3 1 1 8 , I  
3682,S 
3592,  u 
3500.6 
3401,8  





NEU F!LE b8 l L S T  IIMPLLZSb t *  
COODYCIR a u p m  HI-MILLR IA,B-ZB/F D R Y  AaPnALi (s,e,) 










U b 8 l ~ 8  TOAV bPSB0,B LOAD 8 5UbS11 V C L  1 55.8 NLH, 
1142,b 
GOODYEAR SUPER Hl.MlLER 11,B-28/1 DRY ASPMALT t S , B , )  
I , ?  .................................................................................................... 
F Z  % 5Ub3.7 VEL I 5S.R MIILllCU a 8.63 MUPEAK r P , e S  MI10 C I . # ?  r.D TILE 15'1 N * F l l f  bU 8AuPLE 256 
SLIP 





0 , 1 8  
0 .12  
0.14 
0 , l b  
0 .18  
0.ZA 

















NEW F ILE  62 TEST 8bWPLF258 * *  
t00DVfbR SUPER PI-*ILEl I8,0.20/? DlV ASPHALI ( 8 ,8 ,1  
I , ?  ................................................... I ..................-..~....-........-...-.----. 
I 1 
I I 

























# , A  . ........................................................................ I........................ 
L,PI I  LONGIIUDINIL SLIP 100.00 
* *  1 - 0  ? I L L  1 6 1  
LVLRIGL OF F I L L  I b l  FOR b RLCOROl. 
MUX TOflEUE 
b l R B  R.0 
0,111 I P J 1 1 , J  
0.52 33195.6  
8 # 1 3  4 0 J I 4 . 2  
0 t 5 1  b 0 0 2 4 + 8  
P.63 T 1 0 l b . b  
1.71 TVZTB ,A  
P.78 8bBU1.5 
0.83 9183S.2 
@,(I6 * 6 4 1 Z 8 R  
8,18 09591,6  
0,89 105381.1  
P,88 10Vbb0.1  
0 1 8 1  I 1 2 6 2 8 a 2  
0,85 1 1 1 6 8 1 ~ 1  
@,(I3 1 1 6 3 2 b a I  
R.81 111698,2  
@ - 1 8  1 1 0 0 8 b , I  
R , l b  l Z B f 3 5 1 1  
0 , l U  I2128S.8  
P e l 2  12139R, I  
0 , l t i  1 I 9 1 l 0 1 0  
8 . b l  1 1 3 1 8 J 1 3  
8.65 1 0 3 0 9 3 a 5  
0.b3 9 8 4 8 3 , I  
8.60 1108b.1 
R.58 b2895,8  
l 9 A V  8 62805,8  LOLD a 558P,T VEL m 48,R *pH. 
M U P f l K  I 8,89 MULOCK I 0.58 RATIO S 1 1 5 4  
NEY F I L L  b 3  TEST SAMPLE259 *t 










4 4 1 3 1 0  
4bb1,Z 
a i ~ a , ~  
P l l b . 2  
4119.u 
U b 1 3 v 9  
45IH.S 








J S 8 b . l  
31bZ19 
3333.2  
3 1 9 b ~ f  
@ , @ a  L O ~ G I T U U I N I L  S L I P  t@e,eu 
FZ . 5 5 8 0 , l  V I L  s 4n.P M U L O C K  a P.58 MUPEIK m 0.89 P I T 1 0  n 1.51 A.0 F I L E  I b l  N * f l L t  b l  S I Y s L L  2 5 9  
* *  1.D PILL  I 6 2  




@,a5 432b le8  
0135 b I 4 0 3 ~ 8  
R , P u  11314,0 
0,53 915b2,P 
B l b U  18198S1P 
8,bb 11U2B115 
I' 1 0  122b0b,S 
0.74 121bl2.0 
0176 132521.2 
@a71  138512,8 
0.71 1424P5.3 
9.17 14S379,4 
8.16 I 4 1 0 3 0 ~ 2  
0.70 14965Se1 
0.12 l J141315  
R,TB 15282312 





0,60 I 3 1 0 I . 2  
0,58 11b93l .1 
8.56 I I 2 8 4 8 . I  
0,qO 86100rR 
NLL r t ~ ~  d4 TLOT ~ I M P L E Z I ~  * *  











6397. I l Q I V  I Ib30R,B LOID m 8 9 5 0 , 1  VCL I Up,@ UPU. 
6551 a 1 
6b60.9 MUPEIK m 8,78 MULOCK = 8 . 5 ~  RATIO a 1 . a ~  
bb4I.V 
b541.2 













GOODVLIP 8UPLR H I - V I L L I  IB,A.Z@/l D R Y  I 8PHILT  (S.1,) 






8 , R U  
W.06 
A.68 
6 , IA  
E n 1 2  
0 .14 
t3, l b  
n .10 
fi,20 
@ a 2 5  
8 .38 




P . 5 5  









a *  A - D  F I L L  I u b  
6 V F R l G F  OF F l L F  I U b  ;OR u RECORDS, 
M U X  TnRDUL 
0,PP a.0 
P , 2 l  211366,U 
1 ,35 1 b 9 1 9 , I  
i l , P 8  5 1 b 1 8 . 1  
R,59 b 2 8 7 h 1 2  
0,b0 ~ z e ~ u , ~  
R,75 8 l 1 3 5 , 2  
@ . I !  88182.5  
8 ,15 92bUZ.R 
R.88 P 5 4 8 9 , I  
8 ,89 9 7 5 5 8 ,  I 
P,89 lR11UP,U 
A 8 8 8  I A 5 1 2 9 , A  
P.81 IR15U2.3  
P.15 IREU25,b  
R,84 1886U2.2  
8 0 8 1  IR8781.2  
A,79 I @ 8 1 3 R . l  
(1.17 1 8 a q 8 1 , 9  
a,7u 1 0 P I 1 1 , l  
0 ,72  IAPRPI , !  
8.10 l c l 0 l l 2 , B  
P.69 I P 4 3 1 1 , 5  
P,b7 961149.7 
V.65 0 b 6 7 U 8 b  
P , h 3  7 5 2 5 9 , I  
a , b I  b 2 4 0 b m 2  
I 
NLY F I L E  5 4  TEST 3AMPLE250 a*  





2 5 1 5 , 3  
3154.2  
I b U 8 , 8  
4 0 b P ~ b  
4 3 5 2 . 1  
4549.8  
4 6 7 1 . 1  l U A V  s bZUBb,2 LOAD I 5 4 1 2 . 1  VLL a 4R.A MPM. 
4122.5  
4691.7 MUPEAK * 0,8P MULOCK * 0.61 l A l ! o  r 1.11 




* *  A-D F ILE  156 




P . 3 2  35b511.U 
P,4O UVU51.A 
P,S6 bfl1bU.Z 
B16h l l Q 1 l . I  
P.13 1QIVP.R 






8.11 1 1 1 1 8 8 . ~  
P 0 9 2  I13b7R1U 
fi.83 1151PI.P 
8.01 I lb43U,P 
P,79 117UU3,Z 
R , l b  l l 8 2 b 7 . U  
R,lY 1L895@18 
P,lZ IIPB21,A 
P . l D  11bT89,A 
(" .ha  111555.0 
9.66 I0888R.4 
R.bU b8153.b 
? , b Z  759118. I 
P.bb bZU1b17 
NEW F ILE  61  r TEST SLWPLE257 * n  
COODVEAR 8UPLP UI.M~LER io,a.zeo O R V  ASPHILT II,fl,) 








U J S P ~ Z  
Ob0,b 
OTV.B ~ O A V  . b ~ u 1 6 , i  LOAD . 5502.8 V E L  a UR,R rr*. 
486211 
U080.U MUPELU s 0.99 MUCOCK s 0,bB 41110 n \ .5p 
GonbVEIh SUPER H I - M I L L R  18.0-2R/F DRY ABCHILT (8,B.) 








@, I0  





















* *  A-0 F I L L  I 6 1  
IVLRAGE or r r L E  163 FnR 5 R E C O R D S ,  
HUK ~ O R P U L  
R,BB 4,R 
@, I4  11953,1 
8,27 11810aB 
R,19 UY l l1 ,1  
A,50 57UU4,R 
A,bB b7311r8  




0.17 lB I239 , f  
8,81 105959,8 
8 ,S l  109818, l  
8,15 1 1 2 5 1 0 ~ 5  
R,81 114521,8 
B n 1 l  1 lb25L14  
8,lV 117115.2 
8,16 110285.2 
0, lU 120386, l  
E e l 2  12123612 
B,70 I2R90#,9 
0,  68 11S25812 
8,bb 1121111,B 




N E U  FlLC 65 T L l T  $lMPLL2bl  * *  
CoonvEru SUPER HI-MILER IB,R.ZBIF D R Y  A S P H A L T  (S,E,I 
FX 
0.0 






4 l l l . 2  
1411,s 
4bJ711 l Q l v  . b l 9 B I . ~  Lorn a 5518.3 V E L  r UR,E r p r .  
471b11 
471ZaL HUCtAK a 0.07 HULOCK . 8,59 RIllO S I , Y l  
GDflDVE1R lUPER Ul-MILER Ifl,0.20/F DRY ABPU4Ll (8,B,) ......................... ................................................................... 
I I  
I  I  
1 I  
I  I 
1 I  
I  t I 
I  * t 1 t I  
I * I 
1 t I 
I * I  
I t I 
1. * * = 1 
I  . I  
1 * I  
I  t I 
I  . I  
I  . 1 
I (I I 
1 * I 
I  t 
I  I 
1 1 
I  I  
I. * *I 
1 I  
1 I 
I  I 
I I 
I  I 
1 * I 
I  1  
1 I 
1  I 
I I 
I  I 




I I  
I I  
1 * I  
I 1 
I  I 
I  I  
1 I 
1 I  
I  I  . .................................................. 
?.pH L O N G I T U O I N A L  SLIP IBB,AP 


0 ' 2 6 ~ ~  
'ndw ~ ' i  s 13r  b ' z b s s  I a i o i  m 1 e a i l b  s ~ r o r  I ' z s e n  
d ' r m l l b  nv 'u  
L'IPIZ~ SB'U 
i ' L b l Q b  90'0 
L ' U L Q S ~  L O ' U  
Z ' i L 9 9 b  b l ' d  
S'9991b 0 b . d  
I ' L S B ~ O  IP'S 
P 'ZFLBEI  zb “3  
S'10i1111 i b ' B  
L'LLQZQI Vb'B 
5'19nfm1 sb'm 
~ ' ~ ~ z n i d ~  9b.s 
i ' l ~ s n u l  Pb'm 
n 'L IbC01  90'8 
1'599081 f b ' l  
C11bZDb 08'11 
C 1 l s b n ~  61's 
9 '0ne8@ 5 L 0 0  
~ ' 5 1 1 0 ~  b 9 ' d  
b '99109 19'0 
I ' L9LbS 55 '0  
L ' C 0 0 b ~  9n 'u  
L'QCU80 9C'B 
Z ' i U I I C  85'8 
b ' l L i l Z  dZ'8 
o ' ~ 9 9 i 1  n i ' e  
1'11 80 '8  
3nouo1 xnil 
'801033b 5 1 0 1  Z L I  371d du 39ru3ni  




























* t  A-D F I L E  I 1 3  
A V F R A G E  OF r l t t  113 TOR h QCCORDS, 
rur TORQUE 
A,R0 0,P 
@,15 1 3 1 1 J 8 1  
8,2b 26505.1 
a , ~ v  u t i s n , ~  
@,52 553 lZ lb  
0, ou 6 n u b ~ . e  
e , i s  ~ ~ a ~ 2 . u  
Q,84 19908,9 
~ ~ 9 1  . Qb7VS.l 
a,95 L A ~ Q ~ ~ . Q  
P.90 IA55bO.P 
!,@a 1 1084U1 1 
1.Rl 1 t0408,0 
1.81 11111b12 
I , ~ B  1tv358.0 
8,98 12142Za9 
0.96 12ZZlU.0 
B.9U l l 0 9 2 2 , b  
@,91 11 483811  
# , I 9  10925a.7 
A,RL I E ~ ~ Z R , I  
ir.84 IRR330,U 
@.a2 9 b @ 1 2 s ?  
R,lV 91131.6 
R.7b 0706011 
A, 14 81571,U 
0.71 lUDl5,R 
f 
NLL F I L L  6 8  TEST 8AMPLElRZ I* 
GENERAL P O ~ C R  JET 1 8 , 8 - ~ 8 / r  D R Y  AEPHLLI ( s , B . )  
F X 









5808. I T D A V  s 11815.0 L O A D  s 55 iu ,5  V E L  8 i e , a  M P ~ ,  
9201,O 
5329.2 UUPEAK s 1,Bt MULOCI  s 0,11 RATIO * 1.43 
GENEPIL POWER JET IA,B-ZR/r  DRY ABVHALT ( B , B , )  










I  I 
I * I . *  1 - I * . I 
U 1 * * I 
r I * I 









1  1 
I * I 
1 . I 





I  1 
I . 1 
I. .I 











I  1 
I .I 





I  a I 




1 1 ........................ 8.R ~............~.........--..l..-----.-----------.. 
A.PH LONGITUDINAL SLIP 
tB0,BR 




























** r.0 F I L E  IlU 
l V L R I G E  OF F I L L  IlU FOR 5 PECORDI. 




























NEY F ~ L E  68 ' T ~ B T  ~ A U P L E ~ ~ ~  * *  











1IJb,I T D l V  rn bP88R,B LOAD rn 5512,J VEL 8 21,E NPU. 
51b111 
















L . R P  L O U G I T U D I N I L  S L I P  







0 1 1 2  
6.10 









0 8 5 5  
0.68 
B,  b 5  
8.7R 






* *  A-D F l L C  1 7 5  
AVLRAGE O F  F I L E  1 7 5  FOR 5 O E C O R D S ,  
*UX TORPUL 
a,aa 0.0 
8.22 21501.8  
A, s a  P Z I ~ ~ , B  
a,SZ 5 8 J 1 1 1 1  




8.9I , I A Z 2 9 l . S  
R.93 I 8 b U 7 9 . 8  
I.VU 108Y2V.b 
0.93 I I 2 A l h . S  
R,VI I I U O 7 . 0  
0,19 I l b V 2 1 , b  
R,87 1 1 8 4 7 2 1 1  
n ,1s  I l q s l l , l  
@,a1 I E I R 8 1 , Z  
8.81 lZRP37,2 
8,79 I 2 0 0 9 U a b  
0.76 I I P b 1 3 . 1  
R.7U 111516,7 
8.12 I I 2 J U 4 , J  
0.69 181751.1  
R,bb 93V55,P 
8,611 13106.11 
A,LI 72921.1  
8,98 b lJ7S,B 
NEU F I L E  1 0  T C 8 T  8AMPLE30U .* 




4 9 8 1 ~  I 7QAV . b1175,B LOAD 5517.3 VLL a 3 R , B  *PM. 
588S.U 
4VSYeb M U P E A K  I O19U MULOCK B 8,58 R A T I O  * I 1 b 1  
U8bIIIZ 








1 8 b L , I  
3 7 2 5 , l  
1 5 0 9 , I  
1 U 5 2 n 1  
I J L S , b  
S I l 2 . S  
GEElEUAL PUWER JET IR,R.ZB/I DRY b1PHALT (8 ,8 , )  .................................................. 1...............].................. 
I I 
1 I 
I  t I 
1 * . .  I 
1 I I I 
I t 1 
1 t I 
1 1 I 
1 . " I 
1 I 
I t I 
I- I .I 
1 . I I 
I (I I 
I * 1 
I  I 
1 * I 
1 t * I 
I I 




























1 I . ...................~...IIIIII...................~...~.................... I--....--.."-.----------. 
u.07 LnNGlTUOINAL S L I P  I 
IlQneA 
r2 * 5 q 7 7 , )  VIL * IP.P r l l L n t x  . R,% UUPEIR . n.94 R A T I D  1 . 6 ,  ALD FILE 1 7 s  w r l ~ t  1 0  SIMPLE 3 8 4  
*t A-0 F I L E  170 
IVERAGE O f  T I L E  119 FOR u RCCOROS, 
SLIP HUX TOROUE 
0.80 8,R8 0.8 
@.a2 8,Zb ill1117 
8,0U I,U1 4llYb,1 
0.0b 8,55 b181Ull 
B.88 R,bb 7b248,b 
@,I6 8,7b 8bP1h.U 
6112 A,83 04PbP.5 
0114 8,88 180214.U 
0.16 0,PLI lirUb85.8 
8,10 (1.02 108R34,2 
d,28 R,P2 118119,5 
0,25 8.09 Il4RlS~P 
@,I8 8,8b 111811a9 
B,JS P.84 I18~07.b 
0,UR V.81 ltPIUlab 
0,U5 A,18 IIPPYl.1 
8,5R 8,lb Il918b,4 
8.55 8*11 IlP731.5 
8.bR R.71 ILVP4112 
8.b5 8-69 II8824.P 
R.10 8.61 118911,U 
6,TI 8.64 IIUIZblJ 
Y,8R 0,hL lR?PbR,# 
8 ~ 8 5  a, bR 9b285,7 
8,PB 8,51 811150.2 
0.95 P,5b 184110.6 
1.8A 8.50 51411.5 
TOAV 8 51UJ1,5 LOAD # 5b2btl VCL 1 U8,l MPH. 
rurtbx a M,PZ MULOCU I 0,5a R A T I O  s  TI 
F Z  5626,) V F L  * Y n l R  M U L O C K  = R.5U W P L I M  1 R,V? PATIO . 1.71 I - D  FILE I79 N Y r l L L  71 S I * P L E  305 
1-0 FILL 18s 
AVERAGE Q F  FILE  18f l  FOR 6 RCCORDS. 
SLIP MUX TOROUE 
@,0P R . B P  81% 
0.82 U . Z i  22511,S 
A.8U a . 1 ~  43828.9 
8.06 0 $ 5 3  bElB1.b 
8,08 8.65 111128.8 
@ , l a  A,15 85189.0 
0.12 9.a1 93949.8 
A. I 4  8,8b 99551.7 
0.16 11.88 104132.4 
8.18 A,PR I8lPPU.U 
B,ZR R.84 Ifl9UUl.Z 
49.2s A,81 112714.1 
8.3% A.05 1152bU.U 
En35 0.83 I l 1 8 b 8 , 2  
0.4R P,80 I l 8 4 l Z l 2  
P.45 A.78 1197*1,6 
R.50 4,15 121098,V 
8,55 A.15 12215P.b 
0.bA D.70 124611.8 
8.65 P. 68 I Z b J l h , l  
8,1@ L.66 121114,9 
8.13 #. hU IZU8lb.A 
0,Bn 11,62 111532,8 
8.05 Q ~ b l  IflUTZ.9.2 
P,PB Q.51 8 9 3 J S 4 2  
B , V 5  B.5b 73b41.8 
1.RR 1.55 51950.3 
TQAV 1 51950,3 LOAD e 5590,0 V C L  I 55,8 MPH, 
MUPEAK 1 0,PA MULOCK * U153 14110  * 1,bP 
N E Y  F I L E  42 TLIT S A Y P L L ~ D I  * r  
GENERAL POWER JET IR,R.ZA/F DRY ASPMIL1 1S.B.) 
f X 

























3 8 3 E ~ 8  
2902.5 









I . *  




















I . I 
I * I 
1 
1 

































I  I 














1 I . ................................................ .................................................. 
SAMPLE 
* *  A.0 F I L E  1 8 5  
IVERAGE OF F I L E  185 FOR U RECORDS. 
M U X  TOPOUE 
P,88 f lap 
A.33 I343P.P 
Q,5R EZ8PU,J 
R,b5 JBZPJ. 3 
0 , l l  fbl)bP,P 
n,aa U B P P ~ , P  
0 ,P l  U U b l 1 1 2  
8,PU uOZ51,J 
8,95 5flPP1.0 
a .91 528821Y 
A,Ol 53180,R 
# , P I  54913.P 
~ , 9 5  5 6 5 1 3 , ~  
0.92 5ObB.4,8 
@.Pa b l 5 7 b . 2  
0.bP b2249,1  
U.87 b I l b l , q  
P.86 b5188,Z 
R,RU bbP1J.U 
P , I I  bPA35,! 
Q,78 711U5m8 
0 , l b  7ZPIZ.b 
8.73 b I b P 5 , b  
8.11 b8517,b  
8.b8 5RUbleR 
R.hb 395Sb,R 
v . 6 ~  Z ~ I S R , ~  
f 
NEw F I L E  1 4  TEST 9AMPLI30.4 t* 




l l U U , 0  
1 4 b l . 5  
I I U l l b  
1 9 5 5 8 1  
2 0 3 8 1 3  
2 1 0 2 , 1  
Z 1 2 1 , l  
2131.7 TDAv I 27158,a  LOID a 2114,8 VEL  a urn,@ UPw, 
1111.b 
21Eb.Z M U D E A L  s R,P7 MULOCk 1 0 . b l  P A 1 1 0  s 1.54 
ZBbS,0 
2014.1 
l P b q , s  
l e 3 2 .  I 
1 1 9 4 1 9  
1058,9  
1 8 1 2 1 1  
l l b 3 , 3  
11121b 
I b b 0 , B  
1b11.U 
15b1,Z 
1 5 1 0 ~ 1  
lUlk3.T 
lU23.1  
S L I P  
a . U Q  
B.02 
P. 0 4  
8 ,  Bb 
i*.C18 
P .  1 0  
d.12 









U , 5 A  
a.55 




P , 8 V  
@,a5 
U , I C  
I I .95 
I . @ P  
b *  4 - 0  F I L L  1 8 b  
IVER4CC OF f l L E  I 8 b  FOR 5 h'ECOPDS, 
HUX TORQUE 
@ , A @  0.0 
8.25 2 5 6 2 b r 7  
a ,u2 ~ U P L ~ , S  
8 .5b b l 0 J b . J  
8.67 7105R,U 
1 ,7b 8 1 5 2 9 , l  
(1.83 91853,9  
R , L l  P l R Z b + 5  
8 ,qe 1fl !598,3 
@.PI 1 n u 7 e 8 , e  
L . P l  I @ b A b b , R  
P,PY IPBbRb.3  
8.88 I l l b b 6 , l  
P.8b 1 1 5 8 5 8 1 5  
0.@J I I 8 R 4 1 . 5  
CI,RO I Z f l U b b l l  
P.78 1 2 2 3 6 8 , l  
1.76 I E 3 0 7 0 , S  
0 , l u  115853.9  
8 , 7 t  125522.A 
@.bP 123979,U 
P,b? 1 1 8 3 8 2 , 0  
P.bU 18937U,4 
P.kZ P 1 2 5 9 . 0  
n , 5 9  ISOQP,~ 
n.37 1021U.b 
* , 5 0  5 6 6 1 5 . 8  
NC!h F I L L  7 4  TEST S A U P L E I A q  b* 
GENERAL POWER JET I 8 , # - 2 B / F  ORV A 8 P H A L l  (8.0,) 




3 0 7 1 ,  1 
J b b 0 . 5  
U I L P , 2  
44b2,B 
4 b l b , Z  
4 8 0 6 . 0  
1 8 1 2 , J  
a ~ e a , ~  
4 8 8 9 . 0  
1 7 2 1 1 8  
4 5 9 1 , 8  
UPbb,U 
P 3 3 S 1 1  
u t n 7 ,  I 
4 0 1 b 1 8  







1BPB. I  
295LlA 
GCNtQAL P O U C V  J t t  I@,@-2°F DRY ASPHALT ( $ , 9 . )  




I . I 
I I t  . I 
I . I 
1 " I 
1 I I 
b , P  r ~ ~ ~ ~ ~ - - - ~ ~ - - ~ - ~ ~ ~ - - - ~ - -  ~1111111111111111~F~~~...l.....~~~.~~~--~.--.--~ .lm------~.-- --.----~-~~. 
I , n P  LONGITUDINAL SLIP IU0.0d 
F Z  = 5 5 5 6 . 7  P E L  O m . ?  ~ ~ L ~ C ~  s @.5U UUDEAK i P.91 P A T I O  . 1,bO 1.0 F I L E  1Bb UWFILE 75 S I M P L L  3 8 0  
8 1 
r r  A - 0  F l L E  I87 
AVERAGE OF F l L E  181 F 0 9  5 RECOR08. 
Y I I X  TORRUE 











O . P i !  1 ~ 8 3 ~ a . l  
P.78 I5ll2b.l 
8 - 7 6  151~an.q 
II,7U 15U221.5 
R.12 15U883,F 
~ , 7 8  1552Pb.U 
8.69 155bC12.U 
3,bb 15500U.8 
P. b4 155b61,I 
P , b 2  15J81U12 
P.hP 14691D.P 





G E N E R A L  P O W ~ P  JET IR,E-ZRIF D S V  A S P H A L T  (S,B,I 
1.0 ......-l...... I.........-.....-.....-..:...............-...-.... 
I I 
I I 





I 1  
* I I 
U 1 I 












I * I 
I * . I  
I . 
1 I 
I * I 
I I 
F 7  W 9 @ R S , 7  VEL * iL.' elILOC* r Q.uP MUPEAK a P,R2 a 1 1 1 0  r 1.61 I - n  F I L L  187 " F I L L  16 SAMPLE 318 
IVERIGE OF F ILF  171 
NUX 




A, 61  
P.11 









r , r 5  
0.02 








P , 5 P  
P,55 
* *  A.D F l L L  111 










1 ~ 1 z a 5 . ~  



















NEW T I L L  bb  l E l T  SAMPLE388 *t 




2 3 l I . B  






5194.9 lOAV . 59820,L LOAD a 5718.6 VEL 4841  *?*. 
5125.9 








a,@ t ....................... ~IIIIIII....I..I.~.....~.~........~~-~-~...~~~~~.-]---------------------~-- 
I , P P  LtlNG1TUDlNIL SLIP II)P.AR 






R, lB  
n. I 2  
@ , I 4  
P a  l b  
B.18 
8 ~ 2 8  
11.25 









R I  7 5  
E1P11 
0.85 




NEh F I L E  ? I  T t S T  S I M P L L 3 0 7  t* 




2 1 8 3 8 1  
292b,  I 




P P 7 1 1 0  
5 0 6 7 ,  b 
581b,S 
UVPI ,6  
4 8 7 6 , I  
8 7 5 1 8 4  
U b l b . 6  
ua75.4 
a 3 z 2 , u  
1172.3 







3 0 6 8 , s  
IPL7.S 
TOIV 8 5 8 b b L , 7  L O I D  8 5 6 9 0 1 Q  VCL m aBa0 *pH. 
MUPEAK I 0.12 YULOCK 4 8,5P R A T I O  1 + 7 1  
cUfi4 &3 
S L I P  
d,B0 
8.02 
0 . P P  
0.Vh 
0.BI 
P a l a  
0.12 
n.10 


















1 . w  
* *  A-D F ILC  I f i n  
AVERbCF OF F I L E  180 FOQ 4 RECORDS, 






P , l i  8 4 2 2 3 , l  
i l .82 92953.5 
A.81 P9825.1 
V . 9 A  1'34b1.8 
0,q1 1 ~ 6 9 0 5 . 8  
n.91 1aq1bu.8 
I,'?@ 112711,5 
9.88 I I 5 6 3 8 . 3  
n,Re 1182bZ.ri 
h 8 R 3  128422.0 
8.61 i zz10q .5  
0.19 123498.P 
P.17 IPU651.9 
8.74 IZ53 lU .R  
P.72 125473,9 
0,7A 1 1 U U 3 l a 2  
0.67 I IP lRO.5  
0.65 1196b8,S 
P.63 9lPBA.B 
Q , & P  OSRIP,! 
R.58 71678.7 
11.55 988QP,A 
N E m  F ILC  7 1  T E S T  8 I N P L L 3 I I  * *  











5001,2 T O A V  s Y I B I 0 , B  LOAD a 5997,8 VCL . U0,B MPU,  
U986.1 
P P B I . ~  I U P L ~ R  m 0.91 MULOCI 0.55 RATIO s 1.65 


*r 1.0 F ILE 222 
AVERAGL O f  F ILE  222 FOR b RECORDS, 
PtIX TOROUL 





B,W 5 1 0 9 ~ ~  I 
Q,57 bBT(lb,b 
fl.611 b659l .2 
R,b0 7IS0b.U 
8.72 754Pl.U 




8.85 92111, l  
8.85 92420.4 
P,15 9229U,9 
0.14 92890+2  
8,IU 918UbmU 
0,nu 91583.2 
@.nu 9 I S I 0 1 2  
P,83 q103214 
R,03 90?511 1 
0.R3 9047B,b 
0, IZ 90105. J 
0,R2 8951JIJ 
8,aZ 88?9II1 
TOAY 1 88?91,1 LOAD 1 5585,2 V IL  . 3.0 *pH,  
M U P E ~ K  s 0,)s MULOCK s a,az a r i l a  z 1.m 
NEY FILE 91 ' TEST SAMPLL481 * *  





























P , P V  LnHGITUOlNbL SLIP IUR.00 
FZ r 5515.2 VEL W 1 . R  YIJLOCK m I . 82  HUPCIK s n.15 RATIO n I .RU 1.0 F I L L  222 HWF1l.t 9 1  SAMPLE 401 

*t A-D F I L E  2 2 4  
AJERlGF O F  F I L E  22U FOR 5 RECORDS. 
S L I P  HIHX TflROLiE 
d.08 R , A A  Re0 
8 .82 8 , I B  1 7 2 4 2 , l  
8.04 Q,32 3 1 9 1 2 ~ 4  
0 8 8 b  P,UV UU935.B 
0.88 8,5U 5bYb0,Z 
9.10 A,hJ bbR97.b 
8 1  1 2  R , 7 I  1 4 1 3 6 , 3  
0 . lU 8 , 7 1  0 1 8 0 1 , 5  
n.16 n , a z  8 l z z u . o  
0. I 0  @,8b 91315,9  
0.28 ?,kB 94dPb.P 
8 .25 A.OP l R 8 1 7 b , 1  
P,  J P  m , 9 l  IOU846,R 
R,35 R.91 1 8 1 b 9 S q 5  
R.40 7 .91 I l E I 0 0 . 2  
@.US i l ,PCI 1 1 2 5 8 1 ~ 8  
8.5P R,OP 1151112.9 
8 ~ 5 5  A,81 I l 8 1 2 2 , U  
e .68 R , l b  l 2 f 8 b U . l  
B.65 i l .84  121212.S 
0 ,70 8,112 11955U,5 
Y.75 0 ,79 I l l U 7 b , U  
0.80 R.17 1 1 5 2 2 2 , b  
0 . e ~  8 .15 ObCI10,d 
P.9R 0 , 7 Z  8 8 2 2 i i , 3  
P,P5 7.69 7OC167,P 
l . ? v  2 . h b  bPR25,B 
TOAV 1 b 9 9 8 5 , E  LOAO S 5U92,O VLL a ZB,R MPU. 
M U P E A K  w B,PI M u L o t r  m n.66 PAIIO a 1 , 3 1  
4 
NEL F I L E  9 3  T E S T  S A ~ P L E U B ~  t t
GOODYEAR SUPCR H I - M I L E R  l l . R - 2 2 . 5 / 1  D R Y  ASPHILT I8 ,B, )  
FX 
R,0 ' 
O l 0 . b  
1 1 0 2 , 2  
2310,U 
2 9 2 7 . 2  
3 3 8 9 , l  
3779.3  
P I B t . 5  
4381,P 
U 5 7 9 , l  
Ubb8.S 
U l b 5 , 9  
4 8 l Z . b  




u b l r , s  
4528.5  
U U J l . 0  
4338,P 
U 2 I P . 1  
401f .U 
3PU9,2 
3 8 t b , P  
3619.7  
3531.8 
GOODYtbR SUPER V I - M I L E I  11 ,E-22.5 /F  DRY ASPHALT ( S , B , )  




1 t I 
I I .  * a I 
I . . * I 
I t I 
* *  A-D F I L E  225 
AVCPhGE OF F I L L  225 FOP 6 RECO@DS. 
nux TOROLIE 
NEW F I L E  94 l E S T  SbMPLElR4 b* 










0611,l TO4V r 62645,B LOAD m 5 5 8 1 . 3  VLL I IF .@ MPU. 






* t  A-D F I L E  2 2 6  
IWERIGF OF ? I L L  ZZb POR b RECORO8, 
*UX l O P 0 U L  
O , P U  R,Q 
A,18 19101.5  
e.33 J U ~ U P , ~  
A,Ub a 8 I 0 1 . 6  
B , S l  60801,4  
R,bb 6 9 9 4 2 ,  3 
@ , I 3  7 7 9 1 7 , ~  
B,79 8 1 5 8 1 , 7  
P a 8 J  9Bhb@1(I 
B e 8 7  95593,Z 
R, 8 8  98806.3  
R,PB 18111112,5 
R,U8 188688.3  
Om89 1 1 1 1 3 7 ~ 1  
8 ,88 l l U l l l a Y  
R,87 1167U1.6 
@,a5 l l 8 8 4 V , J  
8 - 8 1  l Z l l B U . 9  
R,PP 123565.9  
8 1 7 8  125486.7  
R176 1ZSU16.6 
R17U 1ZZPlQ.b  
P.73 I l b Z J O . 8  
8.7~ i e 3 8 a v . 6  
R, tB P R Q 9 7 ~ 1  
P.bb 7 b 4 8 U , I  
P ,bJ  b J 1 2 5 , P  
l P l V  . b3125,B LOAD 8 5 5 R 1 , l  VEL 1 U0.R *Pb. 
MUPEAK I 1,PB M U L O C K  8 8,63 R I l l O  m 1,42 
I 
N E I  F I L L  9 5  TEST BAHPLEUBS L *  
GOODYEAR SUPER Hl.*!LLR I ! , @ - I Z . 5 / $  DRY ASPMIL1 ( S , B , )  
I I 
e :e 
9 9 1 1 5  
l 7 9 7 , 8  
P U 0 5 ~ 0  
3180.8 
J S U 3 , l  




a b n q , i  
4 1 5 1 o b  





U l U b , I  
4ZJZ.3  
4123.3  





3 4 6 3 . 0  
3 3 b J 1 8  
** 4.0 F ILE  227 
AVERAGC D i  F ILE  221  FOR b RECDR08, 
MUX TORQUE 











8,9R 1 1 1 3 7 1 ~ 7  
m,nq I I T A ~ ~ , S  
A,89 l 2 1 S 1 8 ~ 8  
@, I8  l2SB3L15 
8 , Ib  128B8U,I 
8.84 l3EP22,P 
R.82 13383116 




@,T I  128SRla3 
B,bS 1 I z q u I , 7  
@,67 V5I189.Q 
11.04 TRIZT.7 
A.61 6 1 5 b l ~ S  
* ~ 3  FILE 96 ' T e a l   SAMPLE^^^ .* 









U 1 R b 8 l  
153112 
U694.1 T0AV 8 blSbLIS LOAD * 5622,2 VEL 1 55,B MPH. 
aT76,b 
O(l30,l * U P E L K  1 0,90 MULOCK * 0.61 PATIO 1,48 
P81P13 
117 l .b  
UlR1,7 
4b2 I12  
4 5 2 4 ~ 9  
44!4,9 
OJBl,b 
4 I IU ,7  
1067.1 
19s5,5 
3813 , l  
372189 
3S80,9 
JUJ I I1  
3272,5 
F Z  : 5022,2 v I L  n 55.R HULOCY s @ , b l  UUPCIK a e , P P  11110 1 1,YE I - D  F I L L  227 YYFlLt  Vb 91MPLC 086 
* *  4.0 F ILE  232 




0.39 l b534, I 
Ra5 l  2 2 b 5 6 ~ 1  
8.61 27857,7 
8 ,7 l  3238F18 
R,L2 3765818 
A,98 U l977eb  
8.96 U5587.2 
I ,  P0 18118513 
1,02 58687,fl 








e, o2 75397.5 
0.08 77507.8 
P,09 7748l ,U 
R,17 7372B.q 
R,15 b51Ol.b 
@ , b I  S4373 , l  
R,7P U21bP84 
R,7b Slb87.5 
lOAV 50b87,5 LOAD 222b,b VLL r 4R,8 MOM: 
MUCLIK w 1.05 MULOCK m 0 . l b  1b710  m 1,35 
I 
NLY FILE  98  l C 8 I  SA*PLEPB8 **  
GOODVEIL SUPLR Y I = M I L E R I l l 1 A . 2 2 , 5 / F  DRV ASPMIL1 (8.0.) 







1 7 b I a 1  
lPPfl,B 
IEb219  


















GOODYFIR SUPER MI.MlLfR 1I10.22,5/f ,DRY I l P H A L l  ( S , B . )  

































" I "  ........................ I...............].....................-*.1.......................* 
P , l d  LONGIlbOlNAL S L I P  !RB.OP 





























** I - D  F I L E  233 
IVERACE O f  F I L E  233 FOR 5 Q E C O R D I .  
M U X  l 0 R O U F  
P,B8 A ,  R 
R,Il I8P3U.P 
a,  12 3uzzl,5 
8,114 11551a0 
R , 5 5  59818ab 






















G O O D V E I R  SUPER HI-MILIR lIlB-Z2,5/F D R Y  A 8 P H I L l  ( 8 . 8 , )  
, , R  ..........................1........................1........................~................-.--.... 
1 I 
SIMPLE 
l O A V  m 85479.2 LOAD s 8 1 7 1 a 1  V C L  1 10,P wPH.  
MUPEAK I 0 ,70  MULOCK * 0.53 nAT!o 1 1 4 8  
i 2  r P 1 1 1 . 7  v t L  n 0 ° F  W L O C K  = U , 5 3  MUPEAK rn c ~ . T I  PA110 1 1 , b n  I-U F I L E  2 1 1  N * r l L E  I B P  SAMPLE 0 1 0  
* *  1.0 F I L E  221 
AVERAGE O f  F I L E  221 FOR 6 QECOQDI,  
Hill TORQUE 












6 , I I  IRbSP9.5 
8,I7 IRPl6b.* 
,,,a5 I I I S B S . ~  





B-73 1202511 1 
P , T I  !17PIR,8 
8.69 Illb7U.P 
J n b 7  IP134I14 
R,bU 8856112 
"bbl 1U945,2 
m.5~ 6 ~ ~ 7 9 . 2  
kEH F I L E  90 l C 8 T  IAMPLLOBP ** 











11628.1 T Q A V  . 68479,1 L O A D  s 5562,b VEL I ue,n rPH,  
4698.7 
U7Ul.0 UUPCAK . 8,81 MULOCK I 8,5P R A T I O  I 1.50 
GOOOYEAR SIIPEW h I - V I L E R  I!,@-22.51F 09V ASPHALI  ( S , B , )  






1 * b *  I 
I . I 
1 I 
U I . b I 
u I . 1 
Y 1 . I 
I. I I 
1 I I 
I * I 
1 * I 
I * I 
I I 
I t I 
I I 
I * 




























n,,, t ....................... ~III.II.IIII.....~.......~..~.........*...~~~~....~...~~~....-----------.-- 
T I  * 5562.6 U F L  s 9 P . P  MULOCK r 8.59 MUPEAK s 8 . 8 8  R A T I O  r 1,5P 1 - 0  F I L E  921 N h F I L t  VQ SAMPLE 
9 5 






V ,  IQ 
0.12 
P , l U  












P , l 0  






r t  A.D F l L t  2 2 8  
AVERAGE 01 F l L L  2 2 0  FOR b RECORDSI 
nllx TORQUE 
R , R 8  0 .0  
8 ,  I 8  11909.5 
0.33 3e9flo.3 
?,US 11161 lab 
R , S b  588b7.b  
8. b 5  b 8 9 2 I 1 5  
8 ,11 1 1 3 1 2 . 0  
@,dB 0511b.5  
8.85 . 9LPSh,5 
P,8R 9 1 1 7 0 a A  
R,90 l R 0 5 1 1 1 0  
U,Pl 10b831.1  
@,PI  l l L l b 5 1 5  
8,PB l I b b l 2 1 J  
0.88 1 2 0 3 8 0 ~ 1  
8.87 I21b34.U 
?,a5 126501,b  
*.A3 129149.4  
8 .AI  1 3 1 9 1 b ~ O  
Q.19 I1ZUB4,R 
fl,71 I3BPPb.R 
8.15 1 2 5 5 0 9 a b  
8 , I I  1 1 6 1 1 I 1 0  
L.10 I E Z 9 8 S ~ b  
8.61 81861.9  
0 ,65 l S J 9 8 , O  
8 ,bZ b 2 2 0 8 ,  J 
I 
N E I  F I L E  9 1  l L S l  S IHPLLUY? * *  
GOODYEAR SUPER H I - M I L L R  11,8.22.5/F DRY 1SPHbL1 I$.B,) 
rY 
8,8 ' 
9 9 8 1 7  
1 8 1 5 1 3  
2 U 5 l 1 6  
2P9!,1 
3 4 5 6 ,  I 
38b5.8  
4 1 9 0 a 9  
4433.8 
P6EB.l T P l v  s b2280,3 L O A D  a 5 4 9 1 . 5  VLL a U0,B MPU. 
Ub82.4 
4 1 4 0 , l  MuPLAK I 0,91 MULOCI I 0.02 RATIO 1 1 4 1  
GOOOVEIR SUPER U ~ - M I L L R  11,@-22,5/F DRY L l P U A L T  IS .B .1  















I ........................ a,p 1.................1.....-..-........[........-..-...-.- 
P.80 L O k C I I U D I U A L  S L I P  lilr.w 
* *  A.0 F l L I  2 3 5  
rVEHAGE OF FILE 2 3 5  rna 6 U E C ~ R D R .  
vux t n a n u ~  
R,PR r , P  
F , I l  l b U l P . 2  
P. 3P 32U51.  I 
R.43 116505.8 
8 .53 5098P,3  
R.h2 b V 1 9 1 , l  
I. hP 772US.P 
e e l 5  8 J P 1 5 1 R  
C1.79 8P99b lR 
a . n l  q 5 1 v 8 . q  
8 .15 98P3ZIT 
9.80 I P 5 7 8 b t V  
U,8P l l l l b 8 ~ 3  
8.8P 1 1 5 1 1 1 ~ 2  
9.88 1 1 ~ 7 1 l . n  
A.Rb 1 2 S 2 1 d 1 q  
m,RU 1 2 6 5 1 2 . 5  
v.82 120938.2  
?.8A 133116.9  
R.78 1 3 5 2 3 5 a U  
0 , l b  131151.b  
P , l U  128079.9  
R.12 1198BU.U 
P.69 I8b lPO.A 
0 . 6 1  q1UIQ.Z 
1 , h U  7 b Q P l . R  
R,b t  b 2 9 I b 8 7  
4 t h  F l L F  10!  l F S T  3 b H P L C U l I  t* 
G n l l O Y E A P  S U P E R  H I - * I L f P  11.0-22,5 /F  D R Y  ASPHALI  ( 8 , 6 , 1  
F l  








4 3 1 9 , b  
UU84,2 T O I V  s 6 2 P l b , l  LOAD 5 6 2 5 . 1  VEL r U0,p "PM. 
Y 5 1 S 1 1  
u b v 8 , 2  HUPLAM rn 0,89 M U L O C ~  I P , ~ I  QAIIO a 1 . ~ 6  


r r  r - D  F I L E  I 9 7  N t *  F I L E  7 9  T E l T  8 A M P L L 1 5 I  ** 
I V t P A G L  O F  F I L E  1 9 7  
WIJX 
0,uo 
e , P i  
U,l6 
0.24 














8 . 8 7  
8 . 86  
A,85 
P . 0 1  
r,e3 
P.82 
U , I I  
P,OQ 
n , e n  
F Z  . 1 9 1 9 , 2  v f L  rn 3 , n  HULOC* 8 r , 88  NUPEAK 0.89 P A T I O  S I l l >  1 -0  C l L F  I P T  N L r l L E  7 9  SIMPLE 1 5 1  
*Fr ~ I L F  CP ' lrsl l l u P L t 3 5 2  .I 








U Z ? A v L  
11896.9 
5432.5 
5 8 5 1 . 1  T Q 4 V  - labR20,B L O A D  8 1 9 7 u . l  VLL a l P , s  WPM. 
6138.7 
6 5 5 5 . 3  W P C I K  . 0,PR MULOCK 1 B,b7 @ I l l 9  t 1 , 3 5  
b l l U . 5  
6858.1  
bOUl .0  
b l 8 P . R  
b I R Y . 3  
b 5 7 5 .  I 
b U l 6 . b  
b2SU.I 
b892,U 




5 2 7 3 , 9  
5RI)B.l 
F I P t S T @ t . E  T f i I N I P O Q I  I I A  12.0./R/U n R Y  I S P U I L T  fS,B.) 





1 * * . *  1 
I . I 
1 b I 
I # I 
* I * I 
.I 1 t 1 
x i  a I 
I- 1 t I 
1 b I 
I * I 




















1 .  I 
I I 
I. - 1  
1 I 
T I 









. . r e  ................................................ ............................ 
P, 1, .a L P ' I T . I T U ~ ~ ~ & L  S I P  IUP.RR 
* *  A-D F I L E  190 
AVLUAGL OF F ILE  I 9 9  r O R  5 RLCORDI. 
* U X  TORDUL 
R O B E  A,@ 
# . I1  2 b l l 0 , Z  
8.21 4S878,J 




P ~ 7 2  1l1485,b 









P.79 I b I 7 2 5 ~ b  
@, I7  1b18Ul.1 
8.75 168935.U 
0,73 LSb711.0 
P e 7 1  lOP8b4,B 
@ , b e  139210.1 
R,bb I2795212  
am63 l l b 4 3 R ~ S  
R,bI lA4172, l  
8.58 9171510 
1 
NEW FILL E L  T C V  ~ A M P L L S S S  * I  
FlRElTONE lRbN8POI l  110 I .?,8*2l lH DRY b8PUALT ( see , )  
6 
E l 0  
1171,8 




5114 , l  
5Sb1.3 
svec,  I 
b l l e l ~  TDAV m 91115,0 LOID 1 7183, I  VLL 20,O MPH. 
bJ8be2 















b b I 1 , I  
1 1 
I I 
0 . 8  r ................................................ ......................... 
I ) . P V  LONGITUDINAL B L I P  I0R.RU 
S L I P  
* , a 0  





. , , I ?  
.'. l U  
v . 1 0  
? . I *  
v.2- 
! ' . L 5  
b .  30 
9 . 1 5  
'1.Un 
# . l 1 l  
V,5? 
i ' , S C  
r . 6 3  
11.05 
,J .7?  
:?, ll 
l ' , R P  
? . A 5  
, + . P "  
.* . 7  5 
I . /'.! 
hE* F l L t  P 2  TEST S I U P L f 3 5 U  *t 
F l U E S l O N F  TPAN6POYT l l d  l 2 , @ - 2 e l *  O R Y  ASD*A1.1 (3 ,11 ,1  
F X 
0 . A  
t 1 1 5 . 9  
2 2 1 5 . 2  
1AbLI.P 
1 1 P l . U  
UUU11.3 
5 P 2 6 . 7  
5 5 3 5 . 5  
5 9 5 3 . 1  
6 2 0 1 . 7  T Q I V  OURI3 .3  LOAD a b R l 7 , I  V F L  * 3 * , V  YPr. 
h 3 0 l . U  
hUbP.7 MUPLIK 8 .81  M U L O C K  S H . 5 3  Y A T l O  Z 1 . 5 0  
b U U 0 . l  
h 3 U 9 . 7  
6 2 1 6 . 9  
6 8 5 9 . 2  
5 8 9 1 1 1  
5 7 2 1 . 6  
5 5 5 5 . 2  




U 1 1 0 , R  
4 5 1 9 . 1  
u 3 1 0 , 3  
I I 1 H . Q  
MCU r I L C  8 3  I lE8T SAMPLLJSS 8s 









5 b 4 8 , B  
5 9 0 2 . 8  
h E r  r l i E  R u '  l E S T  S I M P L k 3 5 6  * a  
F l Y E S l n M L  1RAUSP091 I I P  I 2 , O - 2 B I H  P R Y  I S D U A L 1  ( 5 , 8 . )  
rx 
8.P. 
l 3 b l . U  
2386.8 




5 6 7 8 , l  
5 9 9 1 .  b 
6225.2  TDIV s ~ 5 9 6 8 , ~  L O L O  I RBUI.Z V E L  = 55.a M p r .  
h 1 1 0 . 7  
h2P8.2  3 U P L I K  a 0,81 HULOCK 1 R.5U R A T I n  1.51 
6193.3 
bP58.7  
5 P l I . l  
5 7 5 5 . 1  
55P5.2 
5 u s 9 . 5  
sz'(u.1 
5 1 b 1 . 5  
5RYP,3 
UP2b.2 
Y C I R , b  
Ub79,B 
1 5 2 5 . 2  
Y3b3. l  
U I 0 4 , U  
F I R E S T n u F  TRANSPnUT I I A  12,8.2B/H DRY ASPHILT ( 8 ,B . I  







t I 1 
1 
I 
I ........................... l .................... ................................... 
LO*CITUOI*AL S L I P  I@A.PH 
0 , " s  







0 , lP  
8.10 



















r e  I-D FILL 210 




n , l s  23153.6 
R,5B 34302, l  
0.64 l l lSSl ,8 
R,75 52623.1 
f ie03  S8877e4 
P,88 bUB33,7 
A,PI 68380.2 
2,PI  71725,2 
R,Pu 74852, 3 
8.90 10450,8 
2.93 11916,P 
@,PI  84901.4 
8.89 Il7876,B 
A.8b OB8bU,S 
R ,  80 9UBlZI9 
* a n ]  97A82,8 
0 , IP  PP14UV8 
R,77 16232818 
@,7b I R 3 6 3 9 ~ 4  
8,75 I R I l I I . 7  
a.13 qU581,b 
8.71 03US9.4 
*, TP 69P7b19 
P ,  68 55831.3 
P,bb 11015,8 
LEY F ILE  I b  ' TLIT 84MPLEJS8 * t  
FIREITONE TRANSPORT 118 12,R-ZBfH O R V  AlPHbL l  (8.0.) 
I X  
8,8 . 
647.8 
I l l l a b  






ZP7114 TOIV S I IB75 ,8  LOAD m SZ59.7 VCL a 4R,A HPU. 
29I2.7 
















F Z  1 3259.7 V F L  . u 7 . P  * l I L l t Y  . 0.bh MUPEAL I B.Pa RATIO I 1.43 1.0 FILE 218 NWflLE 86 SIMPLE 15.9 
F I P ~ S ~ " ' I E  l Y A r l s P 0 9 1  1 1 P  1 2 4 P . 2 i " / i l  D R Y  ASPHALT  ( S I B . )  









SL IP  
2 ,00  
8 .82  
a .00  
8,Zb 
0 .88  
0. 10 
8 ,  I 2  
a. 14 
0.1b 
e ,  1.9 
B12P 






P , 5 5  
P , b P  







I . 8 8  
t *  A-D F I L E  212  
IYtRAGL OF F I L E  212  FOR I RECORD6, 
MUX l O R P U L  
n.22 P a 0  
@ , I 7  3664B.6 
R,27 65LB8,II 
8 ,3b 80938.9 
0.44 110721,3 
P.52 l309ZB.R 
e n 5 8  IQ892O.b 
0.b3 163882.2 
B.67 IZSQ37 .8  
R , l 2  181'194.1 
A.71 187285.4 
8 .72  1 9 5 9 9 6 ~ 1  
0 ,12  201941 . I  
P.71 2Rb l12 .2  
1 , 7 2  2R9U19.3 
P ,  hP 2 I2P20 .4  
a ,b1  215872.8 
S . b b  2 1 7 2 5 4 , ~  
R.bU 219RIP.R 
P,h2 219579 .1  
0.61 2172BP,7 
U , ~ R  a l a x z 4 . 7  
R . 5 8  191365.1 
R,5h 179289.3 
8,54 15PU88,3 
a .52  13P2PI.D 
8 .50  11855R.B 
TDAV s 1115S818 LOAD s 1115P19 VLL . 4940 MPH. 
HUPEAK 1 8.72 MULOCK I 0,SB R b 1 1 0  1 ! ,a3 
N E Y  F l L E  1 8  ? E S T  SAuPLClbR * *  





















l 7 7 1 , 1  
7591.1 




tsoa .9  
6371,P 
f Z  * 13159.9 VFL : U P , P  MJLrlCU . R . 5 8  HUPEAK 1 H . 7 2  Y A I I O  . ! , P I  4.0 F I L S  212 N l f l L L  8 O  SIMPLE 3bP 
A v I R A G F  OF F I L L  
C ' I I X  
".711 
m.21 
*, T 3  
~ , U U  
r . s u  
, A , h ?  
'*.*q 
7 . 7 5  
P . 1 9  
",p.l 
r.113 
% . a s  
' t , U ?  
g,mA 
J . 7 h  
V . ? h  
".?U 
; ' ,72 
V.1Y 
'l .hR 
P . h b  
~ l , h U  
' . * 2  
, L C  
C.58 
" . 5 6  
r . 5 ~  
r t  1.0 F l L F  1 9 6  
I 9 6  FPR h Q f C O Q 1 5 ,  
TOEOlJF 
0 . P  
! 3 d b Z , l  
5 1 4 3 7 , l  
7 2 U F b 1 1  
n n l I h , O  
1 a 2 3 3 3 . 5  
l l U Z b 5 . b  
1231RU.R 
1 3 1 1 5 4 , 1  
t l l U B U . 1  
i U 0 9 8 1 , Z  
I U 6 2 9 1 , I  
1 5 P b 3 1 1 1  
1 5 4 8 2 0 . 3  
15b5UQ.b 
1 5 R ? 5 Z 1 a  
1 5 9 3 9 8 , P  
1 h n ? 5 2 . 3  
I b 0 ' 3 5 3 , U  
l h 1 5 o 1 , 3  
l b l U R 9 . h  
1 5 P Z 8 1 . 4  
1 5 1 b u r . 0  
I3RClbQa5 
1 2 1 2 5 5 . 0  
1 ~ 2 3 1 . ~  
n ~ n ~ 5 . e  
I 7  z k 9 o r . 2  b r ~  r " 1 1 ~ n C x  . 0.9~ Y U P E ~ R  s e . 6 1  P I T 1 0  : 1 . 5 0  1.0 F I L L  106 N.F l l  t 7 1  S I M P L E  3 5 8  
t *  1-0 2 0 6  
I V F R I G f  OF F I L L  2 8 6  F O R  b R E C O R D S ,  
S L I P  PUX 10ROUI 
@.AP Q,RP 
A.82 @ , I 5  268P1.1  
U.BU 1,21 ~ 8 a s i . e  
0 . M  P,  1 9  bb59U.2 
P,B8 @.UP 82931.5  
F , l P  R,50 P 7 1 9 4 , l  
@ * I 2  0 .66  189OS8,6 
0.111 @ , ? I  11915b.U 
A.16 P , l S  1 2 1 4 1 3 n 9  
0.18 R,?R I 3 3 U O l , b  
P.2P P. 7 9  I 3 1 1 8 S . J  
a.25 A , ~ B  1 4 ~ b i z , a  
r . 3 ~  P, a@ I P P ~ ~ U , ~  
8.35 a , l P  1 5 3 1 3 8 . 8  
I . u R  P , l l  1 5 6 2 3 6 . 1  
P.US a,?) I S P P U ~ , R  
0.58 b.13 l b l 1 1 3 e P  
P.55 0 .71 1 6 1 J J l l , b  
$.bP R,b9 1 6 4 8 2 4 , b  
@ a  b 5  2.67 1 6 5 5 1 1 a 2  
0 .78  F,b5 1611921.R 
U,75 R l  bU l b B b B b , 1  
8.8P 0 .  b 2  158788.8  
P.85 8 ,  bV l J b 7 8 9 1 2  
8.98 1,5R 1 2 8 5 5 4 , l  
P.95 P,50 IBJUl r9 .9  
I.PP n,5u 8 5 2 5 ~ ~ ~  
I l , i l p  L n 4 G l l U D I N A L  S L I P  IBR,PB 
1 2  s 7 9 5 9 . )  V E L  s a s . @  r l l L O t K  . R.5u *I IPEAU . e ,BA P A T I O  m 1,5R 1 - 0  F I L E  ZRb N l r l L L  I S  S L U P L I  157 
1 0 8  
r .  A-O F I L E  2 1 1  
A V E R A G E  n l  F I L F  2 1 3  F O R  h RECORD5- 
" I I X  t n i i ~ u ~  
P,Pla L . 0  
?,?I 112PU.5 
P,32 5 1 1 1 l . 7  
R.UI bPR72.3 
9 .52 a 5 z u ~ . a  
P.h*  PPb37.7  
R.h7 I I Z P Z U , U  
0.75 I 2 3 6 2 8 . R  
v.77 I 3 1 4 2 J 1 1  
N E *  F l L F  (19 l E S 7  S I M P L E 3 6 1  * *  






4275.  I 
493U,9 
5531.0  
5 9 8 7  ,7 
6 2 V l . U  
6 4 0 6 . 9  
6 5 6 6 , I  





5 9 3 1 ~ 3  
5 1 7 9 . 1  
5631.U 
5 4 9 1 . 4  
5 3 5 1 1 6  
5 2 1 5 . 7  
5 8 1 0 . 6  
U9PR.L 
4 7 8 2 . 2  
Ub17.8  
4 4 4 1 , 5  
1 U I V  a 04780.3  LOAD = I ) l U b . l  V f L  a 48.R FPW. 
C U P f A l  1 U , B l  HULOCK n 8.55 P l l l O  m 1.U7 
C~ b 4  
$ 7  . k ) u k , !  : r ,  r l ~ ~ n ~ *  r p . 5 5  ?I IPCI(  : t , 8 1  u11l l l  a 1.07 1.n F I L L  2 1 1  ' d d F i L t  So c * * i i t  3 6 1  


hFH F I L F  1I13 l E S 7  SLYPLEU51 *. 
U N I W V I L  U N I M I S T C P  1 5 . u - 2 1 . 5 / Y  D R Y  I S P M I L l  Iq,h,l 
' X  . 
0 . 8  
5 9 1 . 9  
1 P l 4 . U  
I b S 2 1  I 
2 4 1 9 8 5  
3 1 5 6 . 8  
3 P 1 8 , R  
U53Z1 I 
5 1 3 9 . 4  
5 6 4 9 . 6  T O A V  m I ~ U O E ~ , I  L O A ~  n 8 s t u . 0  VEL  j . 8  u ~ u .  
bR3JnU 
6bUb.A U U P C I K  i R,IO M U L O C K  I P.7Q S I T 1 0  1 1 1 2  
7HUB.Q 
 WE,^ 
7 2 1 8 a 5  
7 2 1 1 . 1  
7 2 ? U . I  
l l b 2 . 2  
l R P 3 1 0  
7 8 2 0 . 1  
bQU5,U 
b109,O 
6 1 9 3 . 8  
h 7 1 7 , 5  
b b l 8 . b  
b 5 9 U , 5  
b U b 2 , 9  






















8 - 7 5  
0.811 
R 0 8 2  
P.PP 
P.95 
r r  a m 0  F I L E  246 
I V E P L G C  OF F I L E  2Uh F O R  1 R E C O R D S ,  
*UX T O R Q U l  
R,U0 0.0 
8.16 2bb91.U 
~ , Z O  u~?)A,I 
@,I11 b5951.n 
m,Ul OSlhA,P 










I , 9 A  11554?,1 
n,eq 1159)a.s 
8.01 1 ? 2 ~ ~ 4 , 1  
1,05 16b12111 
U . P 3  IbRAR2.U 




g . 1 2  I3RZOP,? 
P.10 l22OU1.U 
P,hl Illbbfl,? 
r *  1.0 F I L E  2 Y l  
) O R  h 9LCOQ03. 
T O R Q I J L  




9 9 b 5 e . h  
1 1 5 5 q u . a  
I E P R l b . 1  




l h 2 l I I q Z  
I b D I I h ?  
I 1 + 1 3 5 . 3  
I l J U 5 9 . 1  
l l b ~ 2 l . Z  
IlB3C1U. I 
119937.5  
119891.  3 
175571,U 
l b 8 2 J h . l  
l5nC113.5 
1'156b1.1 
l J l b U A . 9  
11PUJO.l 
I l l b U l 5 , ?  
0)1170,7 
N f i  F I L F  I R 9  , r F S l  S I * P L k U S I  * *  





U Q I 3 . I  
U925.Y 
5611.9 
0 3 l I . 2  
1151.6 
7468.b 
1261.3  r o l v  s 92119,Z L O I D  a 816U.J  V t L  s Z e . 8  *DL .  
?321,2  








h l P R , 5  




5 l b 7 . 3  
U918.3 
UbOR.1 
r e  r.m PILE 2111 
A V F R A G F  nF FILF 2 u n  FOR h PECOIDS, 
MLIX  TORPUC 
a, R R  0 . 8  
0.73 URR3II.U 
L,38 bbZRZ, I 
8.58 8 8 4 0 q 1 9  
R . b I  I B l Z l 8 . 2  
@ , I @  1 2 3 U 3 9 , I  
P,7R I f S 9 b R . I  
0 ,12 l U 4 7 3 5 a 9  
p.85 15162b,0  
V.Rh 15bPb(,J 
U.66 1 6 8 3 3 5 , l  
O,R5 165585.1  
8,13 l b 9 b A 5 . 7  
P,RI l l 3 R 5 3 , Z  
L1,19 175978.7  
8.77 118569.9 
m.75 I 8 8 4 1 1 , l  
0.13 I 0 2 6 1 3 , 0  
V.11 183321m7 
nab* I n l 5 P 5 , 8  
@ , 0 1  11524L1,fl 
Y,h5 1hI IP5L17 
0.62 I5WU7I .0  
P.hP I I U b 7 P , U  
R,5R 1183UO.b 
P.55 IR2PI I5 ,b  
D.52 8 5 8 7 5 1 A  
NEL F I L E  l d b  T E S T  SIMPLEU54 * *  








bS?R, I  
bVIb .7  
7231.6  
7352.7 T U A V  a 85175.L  LOAD 1 8702.5 VEL 1 38.8 *pH, 
7346.5 
I Z I 9 . 8  M U P t l K  1 B,8b UULOCU I 0.52  # A T 1 0  1 1.b6 





b I U 8 , 2  

































8 . 8 5  
0 , Q a  
a1q5 
I.PP 
t o  I.0 F l L C  249 
A V E l I G F  f lF FILL ZU9 FOR b RECORDS, 
H O X  ~ n s o u c  
P , B R  088 
P,21 UbIbA,d 
POPI" bPbIl,0 







R , 5 7  14129J.P 
P, 15 lbl392,U 
P . 8 3  1bUb98.1 
@.I1 Ibl5bR.T 


















1239,l T O I V  m 83810.2 LOAD I 8581,b VEL U6.0 UPH. 
lZbE.5 













































* *  A-D F l L E  258 







0,69 1 2 4 1 1 1 ~ ' 1  
8,75 I JbZ lP .>  
A,80 105374.3 
@,8U 152585,b 
8166  151P9919 
0,85 LblU701P 
R,83 l b B 8 1 6 ~ 4  




8 , l I  l 1 2 3 b l 1 V  
0,bP I I U 2 I I . R  
0.66 106371, l  
A,bU I88IUB.8 
A,bl I8bV58. l  
B,5P 185Ub5,2 
R,57 I73V38,L 
8,55 I 5 3 8 3 l 1  I 
8,53 l2V708,9 
8.58 1050551 1 
0,un 8 e ~ 2 s . e  
NEI F l L E  1 8 1  T t8T  IAWPLL456 * *  











1294e2 TQAV 0 8 1 8 S ~ B  LOAD n 8692.0 VCL * 55.8 W n ,  
729Q.I 
















UNIRPYAL UNl~ASTCR 15,8-22,5/U ORY ASPHALT f8,b.) 
I , B  -...--...----..-.- . --. ...................................................................... 
1 1 
LONGITUDINAL SL IP  
6 2  * I O P 2 , P  YFL a 5 5 , ~ I I L O C K  * 17,118 YUPElX s Al l (  RbTIO . 1.88 1.0 FILE 250 NhVIL t  180 8bMPLE 456 
UCH FILE  110 l L l T  lAMPLLU58 * b  
UNIROVAL UNIHAITER 1510.22~S/W DRY A1PMALT f8 *6 , )  
I Y  
0,0 
82581 





285b , l  
2019.3 
)94O,I TDAV m 39118,8 LOAD a 3515,8 VLL 1 48,9 NPM. 
295 0.3 









l 3 4 8 . l  
2219,5 
LINlWnYAL UNluASlER 15,O-22,51H DRY A8PHILT f8,B,). 
1.a ................................................... ................................ 
I I 
n.aa LONGITUDINAL )LIP l#s,m@ 
4 *  1.0 lXLC 2% 
AYCRIGE OF PILE 256 FOR 5 RLCORD8, 
SLIP HIIX lOROU! 
0.BR n,00 
0,@2 E,Ib 28697,8 
8,011 R,Z8 $0727.8 
0.06 @ ,  30 b84BI.P 
B,08 R,O 85l)lbo7 
00 IB R,5U 95ltla8 
0. I2 R,bB IR8392,J 
8.14 8.70 12678814 
0416 8 ,  77 . I40I4S.R 
0n18 0 ~ 8 1  IQlbbB~b 
0.20 0,OZ 15J75Ba I 
0aZ5 0,8l lb2452.9 
0,3@ 8.80 Ib8?7118 
0,JS 0,19 173527e1 
B.OR R , T ~  111s~b.b 
8.45 8,75 l81181a1 
0.50 8.73 lIUlb51I 
0,55 R,7L l882ll.l 
0.b0 0.68 1q0q8412 
A.65 R,bb IPI48P.b 
@,I1 8 ,  bU I873PI111 
0,75 1,bI 1711?1,3 
8.8R R,59 Ib049812 
0,15 8,Sb I40397~8 
0. PO O.111 IIPlbl~7 
0.95 R,5l 989b811 
1.81 8,UO 7912500 
NEW FILE I11 TEE7 lAlPLC459 * 4  
UNIROVIL UNIMASTER IS,~-ZLISIH DRY AlPHALl I 8 , B . l  










bT0S10 lDIV . 79325,9 LOAD a 8519.1 V L L  m 4A,0 MPU: 
b781.1 
















r2 m 8519.3 VFL m 4 R , V  *ULOCY 8 R.48 MUPEAR I R . 8 2  RAllO a 1.78 A.0 rXLE 256 NWPXLC 111 SIMPLE 4s. 
a *  1.0 F l L E  2 5 1  
4 V I P I G E  OF F I L E  2 5 7  FOR 5 RkCORDS. 
* O X  IOROUE 
@,PO 0.8 
P a l l  UU221, I  
3 . 2 1  72493.8  
R.3b Vb?b9,6 
a.43 1117v1.b 
R.4P I I Y b l P , U  
2.55 1 5 1 7 5 8 , ~  
P,h3 11663B.U 
ir, 6 0  IP6050, f l  
n ,71  2 A 7 l U 3 , 2  
P , ~ Z  z ~ ~ u i a , ~  
8.72 22153b.0  
P,71 221118,b  
P,  6 9  2 3 1 2 2 0 , 9  
I, bE 234429,V 
0,631 23722A.7 
R,b5 2UBR7J.Z 
P. b l  2420SP,5 
0.62 2UUPI2.b 
R,hR 2 4 4 3 l 9 . 2  
* , 5 R  2 3 8 b P 1 1 3  
P,56 2 ? 7 h 9 7 1 2  
A.5U 211097.! 
@ , 5 2  18771%,1 
% 50 1 b I b A b , 5  
1,UE l u A 1 8 1 1 2  
@,US 1 1 7 7 7 5 , r  
l U A V  S 1 l 1 7 1 5 . A  LOAD S 1 0 5 5 1 . 8  I C L  S U8.A UP#. 
MUPCIL m 0.72 UULOCW 1 8.45 L I l I O  : I,bB 
L I L Y  F I L E  I I P  7 E S I  SAMPLEUbR a *  
U Y l R O Y l L  U41MASTER 1 5 . 8 ~ 2 2 . 5 l H  DRY I B P M I L ?  18,B,I 
F X 
P 'p 








l 0 2 2 I . 2  














1 8 0 2 1 5  
b7119.5 
6JPP.R 
6 2  = IUS57,P VFL r 0 V . P  ,d'lLflC' * V . 4 5  3UDEIK s 8.12 Q I f I O  a l . h P  I - @  V I L E  257 UWPlLE I l ?  S I n P L l  1160 
*r 1 - 0  F I L E  2uU 
rvruaGF nF r l L L  2 u u  TOu b  RECORDS, 
nix TOPOUE 
? . @ A  B e n  
V.23 1 0 P 1 3 1 3  
5.3" 57Uhfl.U 
~ 1 , r l u  l S l b U . 8  
n.52 0 9 ~ 1 7 ~ 1  
F , 5 6  I R I Z Z h , P  
I , b U  l l Z 1 1 1 ~ P  
A.72 1 2 7 2 8 1 . 0  
R.lO 1 3 T 8 2 b n 7  
m.81 IUU63b.9  
Z.82 I U 8 2 1 E l b  
a , n t  I ~ J U P B , I  
8 , R P  156191,R 
11.78 1 5 8 8 3 5 , 7  
9.17 I b B 0 9 3 , 2  
m.15 l h l A 8 4 , T  
R,73 162182.0  
P.71 16309P,O 
P.LO 1 6 5 1 6 3 ~ 3  
8.67 1 6 7 5 l b a @  
8.65 1 6 1 I B b , B  
> , h 3  l b 5 1 1 9 , b  
R.61 1 5 5 5 5 9 m 9  
0.59 1 3 v u l 1 , 7  
P . 5 6  121F431.b 
P.51 1 P P b l 4 , b  
P,U9 RPlOT.5  
NEW F I L E  I&? Y E S T  SLMPLLUSO * *  
U N l R O V I L  U N l M I S I E Q  1 5 . 8 - 2 2 , 5 / 3  DUY I S P H I L T  ( S , P , I  
r Y 




U J 8 8 , u  
U S I 9 , 3  
5 U I A . 2  
bEU5.2 
bS02,U 
6 1 5 1 , Z  
b l f l L , 3  
6 7 3 1 1 1  
6 6 1 7 ~ 6  
61174,S 
b 3 2 U e 8  
b l b 9 , b  
bRA5.2 
5 1 2 9 , 5  
5 6 0 1 . 0  
5 4 1 1 . 1  
5 1 r 7 , 5  
5 1 b l . b  
5WIb.U 
U81b.U 
u b l U , 3  
U 3 6 9 , 4  
0 0 9 7 , 5  
l Q I V  I @Q181,5 L O A D  rn 8 4 0 6 . 1  VEL 1 U @ , n  *pH. 
* *  A-0 FILE 251 
A V E R I G E  OF f lLF  251 FflP b  Q f C O R D 8 ,  
*11x roanuC 
~ C I  F I L L  IRq , IZ81 SbWPLEP31 b .  
UNIROVAL UNIMASTER 15,fl-22.5/H DlV ASPHALT ( $ , R , l  
F  X 
8.F 
15P5,b 
2 6 8 b 8 2  
3555.5 
4 3 8 0 , l  
LIPP3,B 
5312 .1  
5lOb.b 
bZPb,l 
bb5$,7 1QAV 82812 .5  LOAD • 1 5 5 9 . 1  VLL a 4p.P v r .  
bl10 ,E  
b1sq.a M U P Z I K  = 0 , 8 2  M U L O C K  I 8 . 5 1  O A T I ~  s 1 , 0 2  
*t Am0 F I L E  2 h l  
AVFUILE C t  ! I L F  2 b l  FOP 5 Q E C O U D S ,  
*ux r n a ~ u h  
P,PM A , @  
n , t 9  3 8 0 3 1 . 5  
n . 3 4  b U 9 5 8 . 9  
U.U& 0 ? 1 9 1 , 9  
9 , 5 9  1 ~ 7 ~ 9 2 . 5  
l , b l  122Ub7.6  
P.13 1 3 5 1 R 5 1 b  
a . 7 7  1'15P89.L 
3,lP 1 5 2 1 7 R 1 b  
@ . I 1  151169,R 
P.81 lbPPVr",U 
R. IP I b 8 P U U , I  
A. I 9  I l U R 5 5 , T  
P.78 119311.3  
0 .76 l O U I 2 0 . 9  
P , I U  I L 1 8 5 1 1 , ~  
R.72 l V Z h 5 5 . 5  
R ,  7 P  1 9 6 U 8 ? 8 5  
rl ,hR 1991C17.1 
?.b? IPP?IR.U 
9 . 6 5  I V U R l 3 . ~  
d.h3 I R Z q V ? .  1 
9.64 l b h U H 2 . S  
n.5R i u ~ a 5 u . z  
9.55 1 2 5 J 3 h . 1  
" - 5 1  l "276.2  
P.5:i 8bP25.L  
F 2  : 8 6 3 8 . "  I F L  . u. ' . ' a  H I l L n C K  . v .58  VIJPEIK B n . 8 1  P I 7 1 0  I 1.65 A-PI F I L E  2 6 1  U i F t L C  !I1 S I M p L k  u h !  


* r  A-0 F I L E  9 8  
AYFRIGE O I  F I L E  PR FOE 6 RLCORDI. 
NU1 IOROUF 
P.80 0 8 8  
P.ZP 2 IPZA. I  
R,21 3AlPU,  b 
a.15 ~ P U I Z , ~  
P,UU UP03l.b 
a ,<?  5 7 q l b a b  
R , b R  b5788,5  
L1.61 1?flbZIb 
7.111 TP83b.1 
?,19 ~ 5 5 0 5 . 0  
l . 0 3  0059U,5 
* , I 9  952bS18 
P,93 99b59,A 
0.95 181561.1  
R,P5 1AlbU1.1  
0.95 1 8 P 1 8 b 1 3  




a , & &  P ~ E Y R , I  
R,81 92548, )  
H,Ob OlPU2.8 
8,111 11P533.P 
@ , ~ 3  0791111.1 
r . 8 1  n 6 3 1 ~ . 5  
a , r e  c u ~ u 5 . 1  
lOAV m l u b u 5 . 8  LOAD m 55611.1 VLL t 3,P *Pus 
MUPEAK 8 8,95 MULOCK 8 R.8R P A 1 1 0  I 1.19 
hFa F I L E  3 3  l E 6 1  SLMPLEl19 *t 
I 
FIRESTONE I R L N I P O ~ T  1 lR1A.20lF DRY CONCRETE (DLNAr) 
T X 
0 8 8  









u u w , a  
1114118 
4 9 2 4 ~ 3  
PPP8,3 
4 P l b . l  
a q u l , q  
U891,11 
U821,Z 
U l 5 8 , Z  







a i i 1 , 2  
r I P E $ l n N E  l R A N S P O R 1  I IB.0.2RIf DRY CONCRETE IDANA) 





1 . 1 .  I 









I * * I 
. 









P , ?  . ....................... ~......*.........**~.....~........................~.........-.....------... 
t *  A-0 F I L E  P I  
A i F U A G F  nF F l L F  9 1  G O Y  1 9ECD2DS.  
8.' X T O P O l l F  
~ 1 . 1 ~  a .a  
( ' , I6  I l P 8 U . 3  
n ,?n  2 9 9 3 1 . 3  
2 ,1P UZ33b.P 
1.19 5 3 I P b . A  
11.58 h3AUlr.O 
*.h7 7 1 5 b 5 a 8  
? , ? I  7R387.A 
f a . 7 9  8379 i r .3  
Ga,R3 8 0 2 2 5 . 8  
L,Pb P l h ? h 1 4  
*.'?a 9 b 3 3 4 , ?  
7 , q l  9019h.U 
?,Q2 l ? l 1 8 b . L  
",QI I.'ZbU2,I 
".R9 1")13h.O 
1,PR I P 1 8 2 8 a I  
P.8b 9 9 2 6 5 , o  
1 . h U  965UR,# 
' a n 3  P 3 4 h 9 , 9  
'',PI 9 1 2 3 9 , h  




" - 7 2  7 7 U 7 l , u  
q.711 13h%,U 
U255.P 
0 ~ 6 2 ,  I TDIV I ) J ~ P ~ , U  LOIO s 5 5 9 1 , ~  V C L  I IR.P W P M .  
U59b.8  
U l u 1 , U  NUDELY s R.92 WLOCK s P.1C R A T I O  : I.)n 
U l 9 3 . 5  
U l d J . 4  
U117,(1 
Ubb0,Z 
4509,  U 
I V E R I G F  OF F l L E  
S L I P  PLIX 
0 , 8 V  *,0P 
B.ir7 @ . I d  
8,AU R.29 
0.Ab R,UZ 
P. PR Aa53 
d. I P  R , b l  
11.12 1,7@ 
H 1 l U  P 8 7 b  
0 . I b  R.81 
P.18 P,B5 
P.2R 0,Mb 





V.58  g.92 
0 . 5 5  a,nn 
d. bR L1,TP 
d , b 5  P,77 
A . l P  R. 1 5  
P.75 P , l U  
R . R P  P,V 
p , R 5  P,7R 
P.PV P,bB 
a , ~ 5  aa  6 6  
I n  P P  R,hk 
* *  1.0 F I L E  PZ 
PZ FOR b SECOPD8, 
l O R l U E  
P,@ 
l b 7 1 1 . 5  
3 I 0 7 8 , b  







PUJbI .8  
98287,8  
I B I J 1 5 . 8  
1R355JIP 
1 0 S 3 8 U , l  
IRbbb1.U 
l @ 7 b b 2 , 9  
l 0 f i b 1 3 , 5  
1893b9.2  
lRP22S18 
1 0 b 9 5 S q 2  
1 8 2 8 5 2 a 1  




b b 5 U I 1 7  
NEY F l L E  3 5  ( 1 1 9 1  S I M P L L I Z !  * *  
F l R L S l O N E  lRIU8PORT I 10.B-LBlF DRY CONCRETE ( D I Y I I  
f Y  
8,f l  







1 3 8 8 . 2  
05Pt .P l o A V  * b 6 i 4 1 1 7  L D I D  m 5bUb,V VEL m ZA,@ PPU, 
UI9T.B 
4bR1,5 *U*EAI  * 0.87 IULOCU a 0.bV P I 1 1 0  8 1,35 







" P  ...------..-............ ........................................................................ 
P . P P  L O N G I l U O l N I L  S L I P  IRP,P0 
F Z  = 5 a u b . O  V F L  s 2m.U blULflCK a P.bu MUPEAK rn R.81 U 1 1 1 0  m 1 0 1 5  A-P F I L L  91 N W r l L E  15 S I M P L E  1 1 1  
TGAV s b5A@L,8 LOLO a 5820.3 V E L  S S Q , 8  "PI'. 
M I l P C A I  1 0,Rb M U L O C K  * P.59 R 1 1 1 0  . 1 . 4 5  







1 t .  t . 1 
I 1 I 1 
u 1  1 I 
I t  I t I 
I I t .  I 












* 1 I I 
t t  1-0 FILF P O  
109 b R f c O h ' D S .  
TOROUE 



























Nf* F lLC 11 I TEST SLMPLflZI * *  











QbUl.7 T4ly * 3PP5@,1 LOAD * 5532.2 VfL * 40,R MPH. 
4661.2 
















riEU FlLF 38' YES7 3AHPLLI2I a*  
FIRCSIONE I P A N S P O S T  I IA,A-2EIF D R Y  rONCRElf ( D I N 1 1  
FX 



























* *  b.0 F I L L  83 
lVERbLL OF FILE  83 FOR b RECORD8, 
M U X  1OPOUL 
U , @ U  fl,R 
@,2S 11914mb 
P,Pb 209bU,7 
A, 62 Z8SRZI 1 
@,I11 3UUbJ.S 
8,aU 19049,b 
*,PI u s s i l , s  
8,95 PlSlO.7 
P,Ol 50U8b,5 





R,Rb S l6J l . b  
R,IY 59588. J 
P , R l  68655.0 
L,RI b1129.7 
R . R P  b32S8.2 
0 . 1 8  bU7ZP.b 
* , I ?  bb151.2 
R07b  67P7U.R 





NLU r 1 L L  29 ' TEST I A Y P L E ! ~ ~  











~ 2 1 6 . 8  T P A V  s ~ l b a 5 , e  LOAO I P Z Z I . ~  v c c  qo,e ~ C U .  
PZ00,J 















1 3 0 , l  
F lRtSlONC TRAkSPORl 1 l0,8.20/P DRY CDNCRLTL (DANA) 
1.P .........................1........................1.....*.................. ............. 
1 . . 1 
1 I 
I 1 
F l R E T l n r E  T R A V S P f l U l  I lP ,P.2A/F DRY C O N C f i C I C  I D I N 1 1  









r I I 
II I I 
Y 1 I 
1 -  -1  
I I 
I t I 
I * I 
I t I 
1 * I 
1  * I 


















1  - 'I 
1 I 
1  I 
I I 
I I 






a , ?  . .........-..I............ I.~......-.*..-.l-.-.--.-.------ 
7 9 . 0  " 6 1  i " P a n  * I lLnCV S 1 . 5 9  Y I I P C I L I  = H.85 V 1 1 1 0  s l , U 5  F I L L  84 N l C l L E  3 8  S I M P L L  1 1 6  
I V L P I G E  O F  F I L L  
HUX 
R,PB 
P , l P  














R, 6 0  
P , b l  
P,bb 
0,bY 
D , b l  
P ,b l  
8.59 
3.57 
8 ,55  
R.53 
0,51 
* *  I - D  r l L E  8 5  
85 F O R  I PECOCO8, 
TnRouE 
A,@ 
1 0 Q 1 7 ~ 5  
SRYbU.@ 
66572.0 
8 R P S I 1 0  
P17J l .U 
l 0 l l S l . 0  
111599.2  
I I l 4 q I . 2  
' I 2 1 5 6 7 , b  
I 2 U Z l 2 , U  
1 2 8 2 1 5 m 1  
I J l 2 8 . 4 r 7  
l 1 3 1 P l m b  
1SSlbJ ,9  
1 3 7 0 7 5 ~ 7  
118717.8  
I J 9 8 6 8 , l  
l U 0 5 b L , 7  
IUIJZE,! 
l 4 2 2 b b ~ T  
1 1 2 1 0 1 ~ 1  
1 3 1 6 6 1 + 0  
I L 7 9 3 8 1 1  
1111991,R 
IRP75R,4 
8 5 8 0 B 1 8  
TOIV W 85OBfl,B LOAD 8 9'de9,1 VLL m PI,# HPI .  
MUPEAK * 1,74 MULOCK rn 8,51 R r l I o  s ! ,or 
LIEU F I L E  3 1  I I E 6 1  S A M P L L l l ?  *I 
TIRCITONC TRLNlCORl  1 18,1-2811 OCV COHCRETE ( D I N I )  
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8,rn a 
1 7 5 5 a 1  
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b J Z 5 1 2  
b1Sb.2 
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b 2 b 8 , I  
b I S 1 a 1  
b E I 1 a 1  
s o 8 z , a  
S lS2.2  
SbZ9, l  
S 5 8 1 , l  
5378.2  
s 2 s 4 1 1  
5 0 1 2 , l  
PI)9Y,U 
U 1 1 6 1 9  
VS39,8 
UJb2.5 
F Z  9aA90J V F L  B 0 l . P  MULOCK a 1.51 MUPCIK 8,74 P I 1 1 0  . 1.Pb I - D  r l L E  8 5  YwFlLE 11 8AMVLL 1 1 7  
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0 , l b  
8.RO 
~ , I E  
a.12 
0.10 
0 , l b  
0 , l 8  
8.2P 
0 . 2 5  
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0.05 
B 8 5 R  
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B,PP 
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B.bV 





kEY F I L E  32 ' T C l T  1 I Y P L C l l 8  tt 
I I R E 8 l O N C  lR4U8PORT 1 11.1.2811 D R Y  C O N C l t l E  ( U L N I )  
rx 
810 . 
1 0 0 1 6  
1991e11 
a l E P 1 1  
J Z l l a b  
1 b 1 8 , l  
OMl5 . l  
4 1 1 B a 1  
4 4 5 1 1 0  
4 5 1 1 1 V  TD4V b O Z V l l l  LOAD W YbIZ.1  VEL 8 4 D l #  YCW. 
4571,8 
l l l Z 1  1 YUPLAK 8 #,Oh WULOCY * 0,5b R A T I O  8 1 . 5 1  
1 1 
q.0 . ......................................................................... ............. 
R.PA L O N b l ~ U O I N 4 L  S L l P  l00 , l l#  
FZ . 5 6 0 2 . 8  V I L  00.m MULOCI * 0,5b MUPEAK m 8.1b P I 1 1 0  s 1.53 1.D F I L L  I V  N l r l L E  1 2  31MPLt  1 1 6  
F I ~ E S ~ O ' J E  T q A N S P O P l  I 1 0 , A - 2 R f F  O Y V  C O Y C R k I F  [ O L W I l  
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R,08 9 IBZ l ,2  
@,I@ 19V4811 
A,8I 181b8a1  
R.8T 171bSnI 
8 -86  8bbbb.2 
R.14 85541,q 
8.83 8437145 
#,I12 13 t4Sa8  
NEW r I L t  z z  ' T C ~ T  s I r p L C i 0 1  




880 , l  
LS52.I 
1118,Z 




1151.0 l O I V  8 81145,8 LOAD 1 551411 VLL s J m #  MPY. 
GOODVLIR 8UPCR HI-HILCR t@,B.ZR/I D R Y  CONCRLlE IOINA) 
!,a .............I............ 1.....1....-.-. 
I .  I 
I  
1 * * * I 












* * !  
n 1 1 
U 1 I 
r 1 I 




























































AVERAGE OF F ILE  
NEW r l L h  1 4  TCIT 84YILCIOV * a  











bb41,Z TDIV 1 71V181? LOAD m YU1bel  YCL . 1111 UP*. 
1bPP.b 








4112 , l  
411212 
111b,1 




J O 3 , b  
GOODYEbR SUPER HI -31LL I  1 ~ , 8 - 2 8 1 1  DRY CONCRCIC (DANA) 






1 I I t *  I 
I t I I I 
I a  I 
M I 1 * I 
u I * I 
x I . 1 * I 
I. * .I 
I * I 














F t  . 5Ulb. l  VEL s 2B.R MULOCK s 0.70 *UCCIr s B,8O 11110 a 1.17 I - D  ? I L L  bb N Y l l L L  11 8lMpLL t o 9  
r .  I - D  F I L E  b l  
IVFRLCF nF F l L F  6 7  FOR h QCCOIDS. 
S L I P  M I I X  TOYRUL 
@.*a  R , P R  e. P 
R , B Z  a.19 21713. r  
a . 8 ~  8.10 I b 3 l P . T  
8 .86 a . l b  U9Ubb.b 
C f , R 1  0,57 6H69U.U 
2 0 1 8  8 .66 I A 2 6 1 q !  
@ , I 2  @ , I 3  7 8 l b 9 , R  
P v l U  n , 7 9  B313CI.l  
d .16  U,Ru l R 3 3 5 . 9  
o m l a  0,R7 91Tqa.R 
e . 2 8  R,RR PURbl ,S 
a .25 p .09 9 8 0 9 6 , ~  
0 .3a Il.86 I B I 2 5 J . 3  
e . 3 5  P . R ~  IR3Ub7.U 
il.UR R.8b 114163.9  
m.05 m.15 105n25.6  
1 ' . 5 V  l . 8 3  l A b l l U . 5  
iV.55 R.81 l I I 7 P 2 6 . 1  
u . b "  0.79 lA92%2,11 
4. h 5  0 .78 I l A 7 5 5 . 2  
s .78 A.76 1 1 1 8 1 3 . 2  
P a 7 5  0 .70 I I R U b P . 3  
P , B l l  a.73 1115U59.3 
18.85 p , 7 1  97PPb.V 
a , q v  R,?O ORR2318 
#.P5 V.07 7 8 P 7 l , V  
1.a0 P, 6 5  O8E%R,@ 
T Q I V  b8250,B L O A D  s 5 u u 2 , i  VLL  : )8,v rpw,  
rUPEAK E,CP M U L O C K  a d ,65  a4110 a 1.37 
S L I P  
V.08 
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8 , I b  10Zb24,5 
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G O O D Y E A R  S U P E R  u l - M I L C R  lR.0-281F O R *  C O N C R E l E  1 0 1 N 1 )  
,,R .............I........... .................................................. 
I I 
1 I 
NFY F I L E  2 r  TEST SLMPLCIIZ * t  
GOOOVFlQ SUPER M I - M I L C P  lA.R.LR/I DRY CONCYETE f D I h 1 )  
FY 
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I P Z T . 8  
U210.8 
4412.3  







4 1 2 1 1 1  
U809.4  






3 3 6 3 . 7  
3 2 1 6 a U  
38511.1 
T P I V  z 6 R 7 7 9 , I  L O I D  rn 54Jb.b  VFL 8 5 5 . P  HPY.  
MUPLIK m 1.85 YUIOCL = P.51 U I I I O  i 1.48 
GOODVCAV S U P F U  H I - M l L E R  lR,A-2B/F n Q V  CONCRETE I O I b b )  
1 . P  ................................................. 1............*...........1.....-....-.-.......... 
1 I 
*, , a ,A L O k C I l U D I ~ I L  S L I P  IIR,PV 





P . 8 8  






P , L 5  
w.3." 
8.35 
P ,  UL 
P. U 5  
R 8 5 P  
a.55 
R.bV 
@ +  b 5  
8.10 




I . 9 5  
1,UR 
* t  A m 0  F I L E  5 7  
AVERIGL fir P I L E  5 1  FOR i QCCOIDI, 
UIIX I O Q O U E  
PIR l l  RIB 
0,s) 13513.5  
8,51 2 1 8 8 8 1 E  
8,b5 28837,  I 
8 , l b  34UlS.4  
R,Ob 38691.8  
8 ,  PP 41112.2 
!,an a u 7 ~ 2 , 1  
1 1 6 4  4141U,1 
1.86 PPS98,U 
1,a5 5 1 1 4 1 1 4  
1.UZ SPb49,S 
1,BP 51233.8  
8.Ob 51562,S 
CI,P1 b1164,9  
R,PI b 3 b l b l l  
@,Ot 6 5 5 8 1 , 8  
8, q l  bIQPR, 3 
R,Rb b d 7 5 B 1 4  
R,RP 7BbbP, I  
1 . 0 1  72181.3  
0 ,RI  13152.b  
8.81 1 2 2 5 1 , I  
P,RR bSlU1,U 
P . 7 8  55RbJ.b  
R,77 4 3 1 B 1 , l  
L , 7 b  38011,9  
NEr T I L E  18  I E l l  I A M P L C I U S  e l  
C O O O l C A R  8 U P l R  H I - M I L C R  19,8.20/F 0 Q Y  C O N C R E T E  ( D A N A )  
ly a 
0 1 8  
110.1  
I l l b e 8  
lPL9,B 
1 b 4 1 a 8  
1 8 1 1 1 1  
1 9 5 5 1 0  
2@82,2  
2 1 P b 1 l  
2267.3  l D b V  s 3 B B l 1 4 P  L O A D  8 219b.8  V F L  * YO,# YPW. 
2284,  I 
2219.2 3 U L E l N  m 1.06 M U L O C K  8 0.16 R A T I O  1 l . U 0  
2 2 4 S a 7  






1 8 7 1 1 5  
1 8 3 3 , l  
1 l P l 1 5  
1 1 b b , l  
1 7 l U , 8  
l b 9 1 . R  
G O O D Y E A R  S U P E R  H I . * I L L R  1 R , B - Z B I I  O R V  C O N C R E T E  ( D A N A )  


















1 1  1 I 
X I  I 
1- - I  
I 
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I 1 . " 
1 
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b I I 
b b I 
1 t I 



















l l 1 1 V  = 64119?.9 L O I D  8 5526 .9  Y E L  I u9.P ~ P v .  
v b ~ t b h  r R.H? M U L O ~ N  a 8 - 6 1  D L T I O  z I . U I  
G O O D Y F A q  511PL3 * I - M I L E D  11" ,0 .2011  O R V  C O N C R E T E  LDLNL) 












1 . . I  I 
1  . . I 
r I I 
1, 1 I .  I 
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a . 7  . ..................................................................... 1--- ------.-.------- --- 
V , ? ,  L ~ ~ ~ G ~ T L I R I ~ I L  $ L I P  1UB.RH 
S L I P  
@,OR 













P . 0 1  
8 . 4 5  
R.5P 
0.55 






P , O R  
8 . 1 5  
led@ 
.. A.0 F I L E  5 P  
d V r R I G C  O F  F I L E  59 TOR U R E C O R D S ,  
M I X  T o Q P U L  
R.PR 0 1 0  
R,lh 25051,P 
@,ZP 4823R.2 
P , U h  bTlb5.1 
a , u a  (31vb11 
@,51 9blP5a0 
@,OJ 105515.8 
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6465, I T O A V  m 11258,e L O I D  * BsS9,Z VLL a YO,0 U P H .  
bSb1.b 
















6 0 0 0 V E 1 9  S U P E R  H I - H I L E I  IR,B.ZBIC D I V  C O N C R E T E  ( B A N I )  








I I  
r I I 
V 1 I  
X I  . . . . .  I 
1. . I I  
I I I  
t I  
1 I( . I  
I t I  
1 t I  
I . I 
I . I 
I I  




I I  
1  I 
I I  
I I 
I .  I 
I I  
I I 
1 I  
1 I 
1 I 
I * I 
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P , $  . ......................................................................... ~........-.-------------- 
V,PP L O N G I T U D I N I L  B L I P  10R.RB 
C 0 9 0 V E I P  SI1PER H I - M I L I Y  l P , 8 - E f l / F  D R Y  C O N C R E T E  I D A U L )  
\ , *  ............... " ......................................................................... 
I I 
I I 
1 I 1 
Z ' B Z Z I  
9 'LOCC 
L ' B V Q t  
Z ' I q S c  
2 'SVI ) f  
Z ' L S l C  
S ' 2 6 9 f  
D'LDIC 
b'BDUb 
5 ' B C l D  
S ' b l Z D  
C ' O Q K I  
D ' b b C b  
O ' l U t l l  
v ' r o r v  
U 'bUPb 
b 1 1 l V Q  
9 ' 1 9 S E  
L ' D S t b  
1 ' @ 0 2 h  
S'DZBU 
b 'ZP9C 
o ' v 9 l f  
I ' V B V l  
L ' 1 U b 1  
D ' 2 1 8 1  
' 0 ' 0  
Id  
I I Y V O )  3 1 3 u a ~ o 3  r r a  ~ / a z . e ' s ~  U ~ ~ I H O I H  a r d n g  ui3raoos 
r r  P B 1 3 1 d n i ~  1131 I l z  3114 N ~ Y  
*IFN F I L F  an TEST S I H P L E I I 3  * *  
GOODYLIR SUPER U l . * l L f o  1 0 , 8 . 2 0 / F  [IUV CnYCRETf I U h N h )  
F X 
8 . d  
1 l t 9 , b  
1 9 1 7 - 3  
2 5 8 5 , 7  
3 1 2 2 , V  
3 5 b 1 , b  
3 9 5 4 . 9  
4 2 5 9 .  I 
U U 7 3 . 8  
U 5 4 P . 5  
U b 3 3 . 8  
0 b 1 5 . U  
0 5 5 1 . 3  
UUb6,b  
U 3 R l . U  
u ~ s 7 . e  
U 2 l b . P  
4!011.U 
UBRU.2 
S P A A , U  
3EP4.U 
3 7 2 1 . 8  
3bYb.P 
3 5 h 2 . 3  
31163.7 
3 3 5 7 , 9  
3 2 4 3 . 7  
TQhV a 6 4 0 A R , 0  LOAD a 5 4 5 5 , e  VEL : U 0 . 8  PPW. 
GnblJYEAU SIIPLU H I . Y I L k R  la ,D.28 /F  D R V  C O N C R E T E  I D A N L )  











t t *  I  
1 1 t  
* 1 t ! 
I I  . I  
r 1 I  
I - . I 










I  I  
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I r : 
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1 I 
I r : 
I 
I '  
I 
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I '  1 
I I a 
1 I " 
I 1 n 
I 1 
. . I .  
I 1 . . .  1 




I i ........ ....................................................................................... ,'I 
[¶@I) I l l H d O l  AUO d/uZ-o'dl I ,bodchvbi ~ V O I S J ~ ~ A  
S r ' o  e v ' i  
S u e d  5a ' i l  
Yd'l ma'+ 
9'd'd 48.a 
L Q ' w  r l l i ' d  
811'6 5 L . e  
B U ' Y  d L ' R  
b w ' u  59'6 
6 8 ' 0  MY'II 
8 b ' d  55'U 
Hb'd a i ' i )  
a b ' e  10'V 
da1m d n ' e  
h e ' d  S i ' r  
L U ' d  6 C ' e  
I8.b 52'5 
L L ' O  R Z ' i :  
SY'b "I'd 
IY'd P1.4 
P 5 ' d  n i ' z  
b n ' d  2 1 ' 0  
l n ' d  d l ' @  
!Car U A ' B  
L d . 4  ~ 0 . 6  
22'6 n n ' i l  
01'6 L d ' d  
L * ' U  a a ' d  
l l l i  dIls 
3113 i U  l S l a 3 h v  


S L I P  
1, , * , A  
V .  1'2 
i l .BU 
11,!.0 
.,,PA 
@ , l a  
;!,I2 
r , t u  




n , s a  
0.35 
( ~ , U ?  
.', !.? 
P . 5 P  
P.55 
P . 6 1  
1,h5 
V , l P  
i8.T5 
? , P a  




* I  A-3 F I L E  7 5  
AYEUlGF ! IF  F I L E  75 F n k  6 RCCOUDS. 
YLJX T O i Q b E  
11.PF 0 . P  
1.18 ZP3ICI.R 
P . 3 5  3.32RP,5 
P.UR 51018,P 
R,5q 6 3 3 3 2 1 1  
8.6" 129Ocl.Z 
" .15  SY126U.R 
V.n l  Rbll23.11 
P , R 5  9 P 0 5 ? , 1  
Y . I R  Q 0 1 9 3 . 1  
P,91* 9 1 2 0 5 . n  
.',aq 1 u l h 6 0 , O  
U . P P  1 I Y ~ h U . A  
P . I l  1 0 1 3 0 0 . 1  
P S D b  I I IPCIUl .2  
,'.nu I I R 3 R ? , U  
@ , a 3  I I l b b l . 5  
? , n l  I l J l ~ 1 I . q  
a.79 l l U 3 1 6 . 1  
J.77 l l U R P P , 2  
n , 1 5  IIJ~UU.? 
P.13 l b 9 5 7 ? ,  1  
P , l l  1 1 2 7 1 0 , b  
m.68  Q 3 5 2 1 . 7  
P . h h  8 U ? l l 1 3  
Z ,6u 1 U 3 4 I 0 1  
.'&I 6 3 6 9 7 . 5  
Y O A V  a 0 3 b 8 1 , 5  L O I D  . 5UlR.B VEL m 3 P . P  *pH, 
HUPEAK a P.PA MLILOCK Z O,b l  P A T I P  1 l ,U7 
C I D E 9 T W f T R I N 9 P O R T  I IB.P.28lF D R Y  ASPHALT ( T R C l  








1 t .  I 
1 . I 
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1 
I 1 " I 
* ! * I 
I I I I 
r ! 1 








a ,n : "  ~ n b G I l l l n l N l L  S L I P  l e R . 8 6  




F , R Y  
0 . 0 b  
U . 0 0  
8.10 
8.12 













a . 7 ~  
8.75 
P.811 
8 . 8 5  
n.98 
A . P 5  
1108 
cr .y rltt 10 






bU892, l  













I I ? P l I , I  
118Tb9,R 
1185b01 1 




1 2 l l 4 . 4  
51115R.0 
I 
NEW FILL 143 T L E T  8AMPLf.187 b r  


















4 3 l l , b  




J lR I .8  




2 9 3 1 ~ 2  
I I 
..a*...............*....... 1.................-......1.........*........[........................ 
P,@A LONOITUDINLL SLlP 1PP.AA 
S L I P  
P , P "  
P , @ 2  
? *  h U  
*. I -n  FILE 7 7  N F H  P I L E  1 4 4  T E S T  S l r P L E I R 8  * *  
b v E R h C F  1 F  F I L t  7 1  FOR b Q L C O R D S ,  F l f l E S I O U E  1UAVSPORT I I O . a - 2 R I F  D R Y  1 1 P H l L Y  L I R C I  
l D L V  8 51195.8 LOID r 5 0 1 1 . 5  YEL  : 5 5 , P  Y P H ,  
UUPCAI  I 0 . 8 7  W L O C K  A , S ~  ~ ~ r l n  = 1 . 5 0  
~ o u r , l r l l n l ' i A L  S L l P  101,111 
' 4 , b . V  
$ 7  , ,  * l [ i  5 q . j  q , Y " P [ A #  r 0 . 9 1  Y 1 1 1 0  1 1 0 5 0  A-0 F I L E  7 7  L l l F l l i  I U U  s L Y Y ~ F  I d '  
1 5 :  

























R . O C I  
Q I P 5  
l.PR 
+r r, PrLc 81 
AVLRACt OF FILE 82 F O R  b R E C O R D S ,  
uux T O R O U C  
R,PO 8,B 
0.23 lI108,R 
R , U B  20825, b 















a ,n5  la83~.8 
0.111 16814,S 
A , O E  1799P4R 
0,bl 7bllb~0 
P ,  19 lIIb1,U 
a.77 ~ 2 1 8 1 ~ 8  
R.711 511lb.2 
P.11 OBlb9,1 
A. 68 29333, J 
NEW *ILL 146 I rLST 8IWPLLIlB 











I I S Z # ~  lPbV 1 1911313 LOLO a 2139,q V L L  s U8,0 Y P U ,  
LIlb11 
















P . ? R  LONGITUDINAL lLlP l0l,BB 
F 7  a Z.?JP.q V F t  m U P . -  *ULOC< n 0,bR *UPLA* n l,02 RATIO s 1.50 1-0 PILE I2 N W F l L E  1Ub SIYPLL I18 

N L H  F I L L  148 T E S T  SIMPLEI12 b* 
b005. l  TQAV 1 I 4 1 3 3 , 3  L O I D  @ 9 B R 2 , l  VCL 1 41,# MPH, 
b29 l , 8  
6599, P HU?ElK I 0,81 MULOCK 1 0,52 11110  e 1,5b 
b123a8  
b7281P 





SPb5, l  
l l P 5 ,  I 
5 b 8 8 , l  
548U.9 




S L I P  
$,LIP 
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1 . r u  
0 .06 








8 . 3 "  
"4.35 




%<. b d  
V , 6 5  
M.70 
E.75 
? . R I  
A.R5 
0 . I P  
lP.95 
I , P P  
* *  b - D  F I L E  71 
~ V F Q A G E  n i  FILF 7 1  r n a  b R E C O R D S ,  
" lr  l O P O U L  
0.Clr 
~ , Z P  2 2 5 9 ~ . 0  
P.36 1 9 7 9 2 , C  
' . 5 @  5 4 1 1 7 , 0  
U , h I  b5018.U 
P.69 15U16,S 
7.15 82462,5  
~ , n e  IR18P,B 
P,PU 931ba, r  
n,Rb PbQUI1.7 
',Pb 99RU8,5 
" . F h  IBZUZP.3 
? , 8 5  I R U O I 8 , I  
P , ~ U  1PbU7U. l  
?,R3 lP7 l .bP.Q 
' . P Z  1ClPJU6.b 
v ,nn 11P921.5  
0.78 l l 2 5 7 7 . R  
0.7h 1141L)P1b 
1 .75 1 1 5 5 0 8 .  I 
' . I 3  1 1 b 7 U Z 1 9  
P.11 I l U 3 7 1 . 5  
~ , O 9  I"33O.b 
P , h b  q R I Q l , P  
" 6 3  O b I 5 6 ~ 5  
V . 5 9  1 3 1 3 L 1 1  
J .55 591RU,2 
1 G A V  m 5 P 1 Q u 1 2  L O I U  5uRI .O VFL 3 uR,B MPu,  
Y U P C I K  a P . L b  M U L O C K  S E.55 P A T I O  * 1.56 
AVEHIGL OF F ILE  
UUX 
A,R0 






8,b l  
A,85 










B , l l  





**  A.D F I L L  81 















1 1 3 1 4 6 ~ 0  
1 1 5 5 ~ r . l  
117626.6 
I I 9462 .3  
1 2 1 1 4 4 ~ 6  
1 2 2 8 1 2 ~ 5  
1211819.3 
123668.1 
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473811 TQIV 1 58115,8 LO10 S 5491,9 VLL 8 41,1 HPH. 
4178a.2 
4161,3 MULCIK S 1.8Q YULOCL m 0,58 91T10 S 1.51 
FlUESlnNE TRIU8VORT 1 10,9.2U/~ D R Y  I l P H I L T  (T IC)  
1 . v  ... ............................................................................................. 
1 I 
1 ! 
P,Plr LOYGITUDIUIL S L I P  I I@, f lU  
FZ . 5091.q V F L  : U P , P  H1fLOC* * P . 5 8  *UPCII  . U,8O P A I I O  . 1.SU 4-D  FILE I! NwplLC 147 SIVPLC 100 
.t A - D  r r L f  4 5  
A Y E ~ A G E  nF i l ~ F  8 5  FnR h R E C O R D S .  
M l I Y  TOROlJE 
p.09  P.R 
C1,IP 2 P Z U l . l  
8 . 3 1  3bPO2. I 
I , U b  5 P 2 3 P a L  
1.58 b2111,Z 
P,b7 1 3 1 1 5 1 b  
P.75 0?115,5  
P . n I  R 8 l P I , 3  
* , a 5  ~ u 2 3 0 , b  
~ 4 . 4 ~  9 8 1 0 9 . 6  
P . Q ~  ( a i ~ i l l , ~  
' . 9 v  1Ub17h. "  
P , 0 t  I l B I 8 P . l  
U . 9 P  I l 3 2 2 U . 8  
U.87 115f l9 .U 
P 4 R 5  1 1 7 3 5 ? l h  
# , I 3  1 1 0 9 9 1 , P  
V.PR lEL1693.U 
P,?O 1221115.7 
? .?b 1 ? 3 6 5 1 . 2  
P , ? 3  1 2 2 8 8 U 0 . 0  
P.1H I l 9 ? 8 h . b  
P,bR 1 1 1 5 1 1 , q  
0.65 P9171.b 
0 . 0 2  0 5 9 1 1 , l  
J.59 1 2 2 b l . 7  
3 ,5b 5 8 5 e B ~ P  
N E W  F I L E  l U l  TEST S A M P L E I I 3  * *  
F I R F S T O N E  T R A N S P O R T  I I 8 , R - Z @ / F  0 9 1  A I P U A L T  I I S C I  
F  I 
l a a a , 5  
1 1 5 7 , b  
2 U 5 b q 2  
3P7b.9 




UhR2.P TPAV a 5850R.R L O A D  5UU1,8 V f L  : UP,P WPM, 
Ub99.b 






























1 . 8 7  
*t 1.U P I L E  5 
I V E P I G F  OF FILE I rna b a E c o a o s .  
M I X  t0PBUL 







P , 5 b  bA512a5 
P,b3 bT07b.b 
A , 6 V  74232,U 
R.73 7829218 
~ , d 2  8b8Ulel 
~ , n 9  P~?U!.P 
P.93 PIPUP, I 













d , P d  L O N G I T U O I N I L  S L I P  lIR,RO 
* *  A-U FILE 9 
~ V ~ Y A G F  nr F l ~ l  P F O R  6 D L C O ~ D ~ .  
SLIP UIIX T O U O U F  
V.VP # . R M  Q , ( r  
P.UZ a . 1 3  I23IA.A 
O.PU 0,?3 ?3553.3 
4.Pb F , 7 5  36251.4 
P e e n  0,Ub U70hl.I 
J.10 a , 5 b  581VIP.O 
n.12 ".h5 612Ufl.P 
t.14 4.73 755AZ.P 
3.16 a . n a  ~ Z P ~ P , P  
d . 1 8  0.Rb 69UU1.5 
;.2v 1.91 93aan.i 
>,?5 d,P5 99413.2 
j, $ 3  3 . 9 8  la3h71.b 
v.35  3,99 ia(r555.n 
1 . u . '  P , 9 1  lROl7P.R 
n.115 u,09 llu2b9.7 
) , 5 '  Q,91 lICllb'1.5 
3.35 ".Ob lR802?.P 
4. C P  m.0~ IdhUZU.5 
+. h 5  J,Q2 lUZQ15,J 
1.7" Q,qr P?OAl, 1 
v.75 a.nn 96qbq.q 
+ . P I  11.97 9URb0.1 
V , M %  6.95 OIl8U.l 
v . 9 ~  n.03 8EA20.5 
P.95 0.41 411310.9 
I, irP U.19 7975P.R 
1QIV a lP156,R LOID : 5553.6 V E L  r 1h.P MPM. 
* U P E I I  8 8,99 MULOCK * P . l P  DIrIO C I,?% 
I;DnDvtdk ( U P E +  1 1 1 - M I L E U  IR,B.z@/~ D R Y  LsPrrLT 11Hc) 
\ , a  .-..-.-..............-...I.............. ............................................... 














I * .  I 
I I 
1 
1 1  I 
I. I 
,*. : A  A LONSITLIOINIL SLlP ltIP.0~ 








E l  1U 
0.16 
il,lR 
k t m 2 8  
8 . 2 5  
r l , 3 J  
%J. 35 
r , L R  
4.35 
2,5E 
4 , 5 5  
8.bP 






u , v 5  
1.117 
* a  A.0 F I L E  Ifl 





























T P A V  rn 12181,5 L O A D  1 S519,9 YCL 8 20,O YPY. 
~ U C L A U  8 0 , s ~  M U L O C K  w 0.71 R L I I O  s 1.38 
G P O D V t A R  S U P F Y  MI-YILLP l8,@-20/F D R Y  ISPHILT [ T I C )  .................................................. l...I... 
! . t I 
I . I . I 
t * I 
I * 
1 * I 
1 t t I 
1 I I 
F Z  r 5519,9 V F L  = 2 A . P  W L O C I  R.lI UUPEAK m 0.98 94110 m 1.51 A - D  flLC I0 NWFlLL Ill S A Y p L F  5 





8 1 4 1  





















8,  b l  
0, bS 
** A-D F I L L  11 










1 lb15 ,J  
vrva8;o 
1 8 1 1 0 1 ~ T  
IBSPbZ, J 
18VS26,b 
l I 2114 ,4  
111918,l 
I t 5245 ,2  
11b444,8 
11TT01,J 
I l 8 ~ V a . l  
l lV951,B 
1 1 9 4 1 1 ~ 1  




l b b I b 1 4  
6Y91bl l  
l P l v  8 b49~b .T  LOAD 1 1411.1 VCL 8 J8, I  MCH, 
MUPEAR r 4.M MULDCU 1 #.by R IT IO 1 1,48 
NEW F I L L  I 1 8  T L ~ T  IAMCLI b * a  
DQODVLAR IUPKR HI-HILCR 1 s . 8 - a v ~  DRV k I r n r L i  ( T R C ~  
CX 
0.8 










¶ 9 b l , l  
1 0 1 1 , ~  
b q v l 1 1  
at01;a 
4812,4 
rTa4 , t  
4 l e l l l  











*. " 2  
C ) , @ U  






n . i e  




> , U U  
4 . ~ 5  
d .5R  
# . 5 9  
13.67 
4 . 0 5  
v ,  la 
u.75 
I,!?? 
. , * 8 5  
* , 9 c  
n , q 5  
I , * *  
. r  1.0 FILE I2 
r v F u h C (  nf F I L E  12 FOQ 5 R E C O R D S ,  
, , X  l0ROUL 





1,14 1 6 1 5 3 ~ 1  
1.91 8451fl,I 
3 , l b  912161.5 
P , ~ P  95b58-! 
P , Q ~  q'evaa, I 










P . 7 8  11b539,11 
V.Tb 11510P84 
P.13 I R P l B 1 , ~  
a . 7 1  IRL1292.3 
? . h R  0810I.9 
?.On 159r5.U 
".bl b11Z51P 
h f #  FILE 119 1 TLSI SIVPLI 1 **  
GoOnvcIR SUPER HI-RILIR 14,1-20/F DRY ASPMILT ( T p C )  
r t  1.0 F I L E  1 3  
I+IYACE ?I F I L E  1 3  F n a  5 Q E C O Q D S ,  
I 4 I X  7OROUI 
*, '4d 0 .  P 
: ' . I9  l l U P 9 . 1  
R.31 1115644P 
P . U 2  02534.7 
0.53 5U2b3. l 
U,h7 b 7 P 5 1 1 P  
0.77 79?86.?  
8 . 8 5  l b 9 2 1 1 "  
0 .91 PdUJR.1 
1 , 4 4  Pb5PU.U 
1.Vh q q n l U . 5  
P , O ~  1 8 2 7 1 1 , 9  
P.96 I R 5 l d U . O  
P,OY IR~,R~P.P 
4',92 I 0 7 4 5 3 . 5  
e.89 111818U.5 
i ' .Lb IPqfl3b.R 
P . F u  111a71.7  
@ . a 1  I I Z X b l . 1  
ir.79 113556.1  
2 - 7 7  l l O J b 0 , P  
. a .  7 5  I I U Z 7 U , l  
- , 1 5  I I l U U 5 . 6  
' .71 1UUBb.P 
'\, A9 P I 0 1 9 . 5  
v , r 7  ?bP93.  I 
', h 9  hflPE5,R 
4 ~ k  FILE 1 2 e  T L S T  SIMPLE B r r  
GDODVEAR SUPER H I - M I L E U  l P a R ~ 2 B / F  DRY ASPHALT ( I R C )  
FX 
0 ,B 
9 8 9 - I  
1595.1  





















3527,  I 
3 U l b 1 7  
JJ25,S 
TPAY 1 b 8 9 2 5 , 9  1 0 1 0  : 5238.6  VEL : 55.R r P u ,  
' J P I I I  I B , P l  MULOCK 3 P . b 5  9 1 1 1 0  1.48 
G n r r l v f a i  S P F .  *T-"ILtQ 1aI0 .2 l /F  DRY ASPI IALI  (TRCI  
I , ?  ......................... I.-..-.-.-----~.~I~-~.-...-.-.--.~.l.~.~.----.----~- 
1 I 
I Y C 4 1 G F  nF F I L E  
M I X  
A,RII 
8.48 





l , O l  
1 . 8 1  
I . R U  
i ,m3 
I I A 2  








? , R 7  
r , R s  
P,82 
Q , O P  
P . 7 8  
4.17 
0 , f b  
r*  1-0 F I L E  5 
5 FOP 5 R E C O R O S .  
TOROUE 
a,  0 






5 i f l 5 , P  
5 3 4 3 1 ~ 5  
9 5 8 1 1 , P  
51127,P 
591Pb,b  






7 U U l 0 , I  
155h2,R 
lb227,U 
l b l B 8 , b  




l Z U S R , @  
I 
NEW F I L E  t b 3  T E S T  S A M P L E  1 3  rt 
G O O b V f l R  S U D E Y  H I - P I L E U  IB .v -ZP/F P k l  A5P*dil f r a t >  
F X 
e , m  ' 
10RI IP 
118b,2  
1 1 2 7 . 1  
1 9 1 1 , l  
2 @ 1 7 , 8  
ZBb51 J 
2184.3  
2 l J B . U  
C D P O V E A U  S U P E R  H I - M l L L R  1fl.R.ZBIF DRY A l P H b L T  (TRC)  
I , ?  ......................... ............................................................. 
I I 
S L I P  
E , d V  
? . e z  
ir . i "U 
/ * P b  
P , O R  
i). 1" 
P . l Z  
7.111 
% . l o  
n . 1 8  
V,2P 
. ' . 2 5  
# , 3 ?  
, .35 
P , U P  
r1 .15  
7.5r  
a , 5 5  
I ' . b n  
P , b 5  
k l , l V  
a . 7 5  
V,40 
V . 8 5  
R , 9 P  
R.95 
1 . V l  
rEh  FILL I Z Z I  IFST S I M P L E  1 1  .1 
GOOOYLII SUPER M I - H l L E R  18.9-2AIF DRY ISPHILT  ( T R C I  
F X 
0.B. 















4333 .2  
l l 2 lE .b  
U08718  






3u37 .3  
335b ,Z  
I D l V  b3778 ,8  LOID a 5315 .9  U E L  a u3.p rPn ,  
MUPLIX a 8.9U * U L O t X  = 8.66 R I l l D  = l , U 2  





d . a o  
E. lP 
a.12 
a , I u  
R , I b  
8 .  l a  
da2P 
P.25 






P , b n  
0.65 
r . 7 p  
H . 7 5  
b . ? B  
P . n E  
+.V" 
I I a'* 
.. 1.0 F I L L  I P  
A V E R A G E  nF F I L F  i q  F O R  6 ' ~ C n a b S .  
*UX r o a n i l c  
R,#R R.0 
A,lU 2 0 1 1 8 . 1  
P.2b 4U889.1 
8 ,31 b3U3AlB 
8 . ~ 1  8RRlSlP 
0.Sb PbSbb.2 
P.64 I l S 5 0 2 . S  
R,11 122028.5 
@ , I 1  l 3 l l U 8 . b  
R . R P  1 5 1 9 2 ~ ~ ~  
B , R 3  lU2205.8 
~ , 8 5  148101.3  
7.05 155200.4 
8.15 156)18.2 
H,01 15857b.b  
P.82 l b P 2 1 0 . 2  
D , I D  l b 1 8 P b l b  
A,18 IblUL11,9 
V . 7 6  IbSAU8,f l  
A.13 1 b 5 9 5 U 0 2  
1 . 7 1  l b U l P 8 , 5  
P,bV 1 5 9 5 1 1 0 1  
P,b7 lUSUU5,5 
P,bU 1 1 5 b 3 I 0 b  
P , b 2  128391,U 
V.5P l l i S 0 1 1 . 5  
0 ,56 88931.5  
N F W  r i j r  1 2 3  T E S T  S A M P L E  12 **  
C O O D V E A R  SUPER HI -WILLR 18.8.2011 D R Y  ISPUALT ( T I C )  
? X 
8 1 8  . 
1259.1 









l B l S , S  
10UblP 
b P 1 4 ~ I  
b8YI .b  
b l l P , P  
6 5 6 1 1 9  
b391.1 
b 2 3 2 . 1  
bObl .5  
5PBU.S 
5 1 J l l I  




4 7 4 5 ~ 0  
" E M  F I L E  l a1  T E S T  S A M P L F  q .a 
GoonvlAe S U P E ~  HI-HILER I#.@-ZPIF D R Y  ~ S P H A L I  ( T P C )  
F X 
A:R 
1 6 9 7 4 7  
1 8 5 3 ~ 5  
2 5 7 1 . 2  
I l 8 b . 5  
3 6 1 6 . 5  
U 0 5 5 . 6  
4 3 6 1 , L  
PSPP.2 
4 7 5 1 . 8  
Y I R 3 , I  
U 8 l Z l S  
U 7 6 9 , b  
UbPR, t 
4 5 1 9 . 5  
4 4 7 0 . 4  
4 3 6 6 . 9  
4 2 5 6 , L  
4 1 Y 8 , b  
PAU7,P 
3 P 5 4 , B  
J 8 6 2 , P  
J 7 b 8 . 2  
Jbb6,B 
3 5 6 2 , s  
3 0 5 1 , P  
3 3 5 2 , s  
1 0 1 ~  a 6 3 1 2 5 , A  LOAD 1 52PO. l  V E L  r uP,R UDu,  
* t  4.0 F I L L  za 





























k E l  FILE 12V l E 8 7  SAMPLE 13 ** 











071141 l Q 1 V  S b2Ulb17 LO10 W 5313.9 VEL I U0,0 MPH. 
4Ib1,Z 
181i18 *UPELK 1 8,93 MULOCK S Bob2 R A T 1 0  I 1111 
G O 0 3 V F l 0  SUPLY H l - M I L E U  ]R,B-Z0II DRY ISPHALT (TRC) 
1 . 0  .............I........... I............[............ 




* *  b.D FILE 9u 
AitPAGl OF Fl i t  Pu F O R  6 PlCnSDI. 
SLIP PUX IOKOilE 
V.PP U,PP 0.n 
. ' . R E  "111 lIZZn.* 
P.84 a,21 209Ul.b 
V , 0 h  8,12 J32RP.b 
* , a &  n.02 U U ~ S R , ~  
r'. lP P.52 5Ub11.2 
+,I2 P.OV 62935.2 
7.14 0.67 61187.3 
U-lh @,I3 16259.3 
a.18 ( 1 . 7 ~  ~ 2 ~ 5 1 ,  I 
P.Z@ a - 8 3  8b6HR.P 
U.25 P.9P 93871,5 
V.38 P,Ou 985111.6 
i . 3 5  P,9b lPP353.P 
#.UP #,Po IP0129.8 
c . 17 (1.96 l@AUUI.3 
P.57 P.95 9POUU.2 
V , S 5  8.05 9P87P.4 
', b ?  P,9u P8230,J 
i , h 5  Q.93 913U0, I 
- 7 v  P,92 9bUU3.l 
~ 3 . 7 5  7.91 95528.5 
i l , R ^  V.98 PUbRL,Z 
4.85  P,O@ 93b83,U 
.*,PP V . 8 0  92ll!,8 
P.45 b.18 Plb3L.b 
1 . 7 6  P.Rl 9RUlb.l 
7OIV r 98U16,l LOAD 1 5594.8 YfL 8 3,Q HPM; 
MUPEIK s 8.96 M U L O C K  a n.81 a1710 1 I , I I  
rlQESIOidE 7UbVSPOR7 I IR.R.2RlF DRV C O I i C R E l L  tlRC1 
I.!, .................................................................................................... 
I I 














8 .35  
0 .UR 




0 , h 5  
@ , 7 b  
M,15 
P ,  bB 
9 - 8 5  
P.9P 
8 . 9 5  
!,PC1 
I* 1.0 F I L E  9 5  
AVlPACC PF F I L E  95 FOR 5 RECORDS. 
M I J Y  TORQUE 
P , B M  I .8  
0,PP 9 2 J I . J  
8.23 23161,P 
8.35 3bb7B18 
P.46 P8185. I  
0.56 5 I U 9 5 . 7  
P,b5 b 8 5 1 9 4 5  
A , I u  77114.3  
R , l l ( r  818b0,S 
8.84 ( 1 8 3 7 b 4 2  
P.87 98O39.7 
8 . P I  9 5 ? 8 6 , 9  
8.91 97137.4  
8.91 9 e z o a . 1  
P.98 97525,7  
?,9U 9 b 1 8 b a I I  
R, 8 8  9 5 1 2 3 . 5  
P , R l  9 3 8 0 4 ,  1 
P.06 92457,U 
e ,os  9 1 8 9 7 , ~  
8.10 0 9 7 1 0 ,  1 
R,RI 08359.6  
R , I 2  l b 9 1 7 . 5  
A . 6 0  8561U,5 
P.79 8U151.7 
8.78 8 2 5 0 9 , P  
R,11 OAbR0,R 
hEk F I L E  1 5 2  ' I t 8 1  SAMPLE153 t t  





I P l S , 8  
2523.u  
3 0 3 5 1 2  
3526.5  
3 9 u q , z  
4262.5  
PU78,8 T D I V  8 80bB0,B L O I O  * 5 5 0 S 1 h  VCL e I @ , @  MPH, 
4589,B 
~ 7 2 7 , ~  MUPLIU #,PI MULOCK I 0,77 RATIO I I,IP 
U717.8 
1 1 1 2 . 7  
4 7 a z . 9  












F I R F S T n h E  TsAkSPnRT I I 0 , P - 2 0 I F  D R Y  CONCRETE I T R C )  
1.r .................................................. l.*.] 
1 I 
f 2  s 5 5 ~ 5 . 0  V ~ L  s I * ,P  u( IL0tK s 0.77 MLlPLIK i @,PI RAT10 a 1.19 4.D F I L L  q 5  4 Y F I L t  1 5 2  l I M P L E  I 5 3  
N f h  F I L E  1 5 3  TEST b A * P L E I S P  * *  
F l R f S T O N E  TIANSPORT I IR,R-EBIF D R Y  C O k C R f l f  f l @ C )  
F X 
B! R 
I I ? l , b  
1975,V 
L b b 2 , 7  
















U 8 5 5 . 0  
3965.4  





1 Q A v  I b I 2 0 0 , I  LO10 5 5 5 2 . 2  VEL s 2 P . p  MPu, 
M U P E A K  I R,87 YULOCK I 8 . b b  R l l l f l  E 1,31 
F I R E I T C \ E  1UIhSPnHT I  1 ~ , 0 . 2 0 / ~  D R V  CONCRElL f l R C )  






I t t  1 
I t t  . . I 
1 t I 
" I I 
' I * 1 
1 I t I 
I -  t - I  








t. A.O FlLC 91 
L V E R A G C  OF F I L E  9 7  F O R  b R E C O R D S .  
M l l X  l O P Q U t  
A,Bd 0 1 8  
e, 1 8  1 1 s b 5 , ~  
8,311 349l3,Q 
R . 4 7  UQ10b14 
Re50 bIS77,5 



















0 . 6 7  847Pb.3 
nab5 lUR5ba3 
B,hZ b306113 
k C b  FILE I54 ' T C S l  lA*PLC155 * t  
F l R r S T O N C  T I A N S P O P I  1 IR,O.Z@/f DRY C O k C R E T t  ( T I C )  










4b04,S T O A V  w bJfl83,J L O A D  m SS15.1 V E L  * 31,E M P Y ,  
r 1 R E S T O N E  1 R A N S P O R l  1 10,8.28/1 017 CONCRETE I T R C )  








I t . .  1 




" 1 I 1 
I I I 
X I  I I 









I a I 
1 1 . 
I ! I 
*. A - D  r ! L f  9 8  
AVLRACF OF f l ~ f  PI FOE h ULCOWDS, 
SLIP UI IX  ~ O Y O U L  
8.nQ P.RB A .  a 
e m @ ?  R . ? P  ZHIU2,7  
V,@U P,15 SbUJP, I 
P.06 0,Ub 9R2Q3.4 
@,A8 0.58 b l b b 2 , b  
B m l b  0.67 7 I l S R a @  
8, 12 8.7) 79B5PIB 
P.14 P , 7 R  8 u b 7 7 . l  
4 . 1 6  P,Pl 10Uq7.8 
+.I@ u . 0 3  1 1 5 6 3 , b  
P . 2 '  R.8U 90188.R 
@ , ? 5  P.P5 1 9 8 9 2 . 6  
1.38 ? , I 5  l b 2 5 1 2 , b  
d.35 P,RU I f 1 5 2 5 E a 8  
b ua 0 . 8 3  I R 7 6 8 9 . 8  
1 3 . ~ 5  n , e 2  I A P Q Y ~ , !  
P.5P A , 9 R  112ARR,% 
P.55 G1.16 I l J 9 2 1 . 5  
I + b @  P , 7 6  1157511.2 
P,bS i1.10 1 1 1 1 8 6 ~ 1  
E , 7 l  P O T ?  11711R.P 
i l .7s  e,70 I l V b Z h ~ 3  
O.RP * . h R  IP8b2b.B 
@ , 8 5  V , h b  q ? J U i r # 5  
L(.1P m.03 1 5 1 1 7 , ~  
V1.95 2,hfl 1 2 5 1 8 . b  
1 . ~ 9  R , ~ T  s v z 7 a . a  
k t *  F l L t  155 1 F 3 1  S I ' l P L f I S b  **  
F I R L I T O N E  lP4NSPOlI I !0,P.2tllF D R Y  COMCRITf ( T P C I  
rx 
k. 8 
l I f l P . 5  
! q ! U , l  
2 5 8 2 , 1  
3 1 3 0 . 1  
1 5 7 6 . 1  
18P8.b 
1120.7 
4 2 8 1 , ~  
031L4.5 
a n ! i , i  
e u u r , 7  
4438,b  
UYR2,8 
4 3 1 6 4 3  
4 2 7 5 ,  b 
0111.5  
4182,  J 
U 0 0 1 , l  
3P15.5 
1824,7 
3 7 1 4 , Z  
3b31,P 
3 5 1 2 . 9  
3 3 1 7 , 1  
3235,U 
3ne3.7 
T Q I V  a 5 9 2 1 0 , 1  L O I D  1 5518.9 V E L  . U8,O H P Y ,  
H u P t I h  s 0.85 MULOCK 1 8.57 RATIO : 1.50 
r I R E S T - N F  1RAVSPhRT I IB,R.ZB/F O R I  CONCRETE I l U C )  







f 1 I 
I . * I 
' I " I 
U I t I 
Y I I 




I t I 
I I 






1 -  - I  
I I 











I - .I 
I I 










r , w  * --...-...............---- ~-.-.I..III..............~..~~.............~......j....~.....-.-..-~..~-~-~ 
- .P! '  ~ n h T . I l l 1 0 I U I l  S L I P  IRP. IR 
2 : I v = U . . iLnCK : @,57 V I J P ~ ~ K  .% , r 5  R l l l 0  i 1.50 1.n F I L L  P *  r i r F l L t  1 5 5  SA*PLf  1 5 6  
I. 1.0 FILE 9 9  
IVERIGE O F  F I L E  99 F O R  r a f t o a o a .  
S L I P  ~ 1 1 ~  TORQUE 
e,oa R.PR 8 , ~  
Y.PZ 8.18 2 A I 0 7 . 1  
R.FP 8 .35 3 7 5 e 4 , ~  
P,0D P,U8 52084,S 
P , R L  r , 5 9  b 3 8 4 2 1 9  
8 .  I P  R, 6 8  73347,U 
@ , I 2  R.7U 0 1 U l I , 9  
n , I Y  P.79 6 7 b 7 4 , 1  
d .1b A.84 92511.0  
V.16 6,Rb 9 b 8 8 7 , 1  
P,2P 8.88 l R B l I P . 8  
0.25 R,bR 1 0 0 5 b 5 1 P  
d. J P  P.67 IA1723,O 
0 . 3 5  P , I S  1 1 0 1 0 5 ~ 0  
@ , U P  A.83 1 1 3 9 4 3 1 1  
8,115 8.81 1 1 r r 7 n , )  
P.5R R,79 l I 8 6 9 8 , O  
6.55 P.71 1 2 P 2 2 $ a  I 
R.bC 3.75 l 2 1 5 2 b . I  
@ , b 5  C1.13 I Z 2 7 3 R , b  
V. lP  0.71 1 1 3 7 8 9 , b  
@ , I S  b, bR 1 2 2 9 5 7 , Z  
R.8P P,hb 117552,8  
6 . 6 5  P,b3 1 0 5 8 7 9 1 8  
P s P P  P,bB IIPPbA,I 
P . 9 5  P.51 7 2 1 5 6 , 1  
I n P R  8 , 5 1  5075A,6  
H t *  F I L E  1 5 6  l E S 1  3 I H P L E l S l  f a  
? l U E $ l O N L  TRANSPORT 1 l A ~ f l . 2 0 1 1  D R Y  CnhCRfTE ( T W J  
I I 
8 .A  . 
1010.R 
1 8 0 b , 1  
2 b 0 B a b  
~ 1 7 4 , 1  
J b l l . 2  
J S P l . 9  
4 1 9 4 ~ 5  
11399.6 
U54U,b 
1 1 b l l , l l  
4607.6 
4 b I 7 , 7  
4 5 3 ' 4 t 7  
4 P 3 b a 0  
4325,8  
4218,b  







1 2 1 5 , b  
JA28,O 
2811.8 
r l P f S 1 O N E  lgANSPOR1 1 18.0.28/1 DRY CONCRETE ( T R C )  
1,a .........................~IIIIIIIII......---.-.-~. ~ ~m.~..............p..~.~~.m........~~.~...---. 
1 I 
*t r .0  F l L E  1 4 4  fit* F I L E  1 9 1  l f 8 1  S A * P L t l S 9  s t  
A V F O I G F  nr F l i t  ) # u  FnR 5  UECORDS, I I U E S I O H F  1 U I W S ~ U l l  I I R , R - 2 a l T  n P v  C P N C R F ~ E  I l W C I  
SLIP . ' I :  i n n r ] ~ , ~  Z K  
. 4 , > P  @,?I1 0 , n  " I "  
7 , 7 2  3 - 2 1  IP33U.S U5b,7  
6 . d ~  6.38 1BQUl .S 8UY.b 
I* , !- b  P.53 2 5 9 4 8 ,  3  1 l b A . b  
. I .VII  8 , h 5  1119b.U 1411,3  
.'.I* 9.7" I b l l A , !  lb30.Y 
@ . I 2  n.7'4 U l I I R , E  I 7 b l . Y  
0.18 a.a3 U U ~ I Z , ~  1 ~ n u . 3  
+ . I 6  P.nS 1 7 1 1 9 . 5  1 1 9 2 . 1  
Y ,  l e  m , F 7  193bC1. I I Q Z 3 . 2  
a , z ~  ?,no ~ ~ 5 5 1 , ~  1 9 a e . s  
9 ,25 ? .Qd 53731.7  19UU.P 
4.3i' C.9P 57P31.1 1923.5  
P ,  I5 7,RP b P l 3 E l S  1808.@ 
h , o n  0.47 b Z d l b , ?  I L I 5 I . J  
P,U5 P.P7 buQ111,P 1021.0  
8 . 5 6  P , i C  4bb59.b  I1Qb.U 
' $ 5 5  1 . ~ 5  b a z 5 ~ . 5  1769.9  
.A. h U  " .@a 7PP3II.Q 1 1 1 9 , l  
> , a 5  ?ma2 7213n.a I7ldb.U 
v ,  7 0  ",Qv 7303C.b I b 1 l . P  
t J , ~ s  ~ , 7 e  ~ ~ S R O ,  I 1b35.1 
$,L!P 2 , l b  lPm15.b 1591.7  
.', A5 r . 7 ~  h 3 1 2 2 . 1  I S b B . 7  
8 , V P  F . 7 2  531Pb.P 1520.U 
I ' .  Q 5  v . 7 0  u2P71.u  IU7P.b  
I . ,'P V , h A  3Pl i rR,P 1U34,5 
T O I Y  I 3RlUR,@ L O A D  . Z l U 7 . 1  Y f L  : 4 0 . P  'Pr. 
MUPEAK . A.9R W L O C K  i 0.bb 9 A I l n  S 1.33 
F I R F $ r ! l t F  ~ U I r 5 P n i T  I l(I.P.PO/F DRY C O Y C R t l L  I I R C I  





I I )  
1 . . t 1 I I . . .  I I 
1 I " .  . I 
0 I * I 
7 I . I 










t b I 













I. ' 1 
1 1 










J ,  ........... ........................................................... ......................... 
,, .a ,, L f l N G 1 1 U ~ I U A L  S L I P  IPA.PP 
7  : I L = , r I L I : C u  r r , h d  r l , D E t k  I #,PP 411311 z 1,33 A - O  F l L l  IPU I x F I I . '  I51I 5 1 r P L L  159 
1'5 





R , B I  
8 , l P  
V , I B  
0 .  I U  




P . 3 I  
V .  5 5  
R , u a  
3 ,  U5 
P.511 
P , 5 5  







a . 9 5  
I .  E n  
b *  L - 0  F I L r  I 8 5  
A V L P A G E  IF F ~ L C  I ~ \ S  r n a  a a e c a a o s .  
HLlX TORnUF 
# , $ a  
? , I 7  18451.8  
R,32 JUPPP.1 
A,U5 UPJU8.J 
P . 5 7  b 1 5 9 8 . 2  
8 ,66 71961.5  
P,?J RBUZU.6 
R.78 (l lYUU.0 
0 .81 9 2 0 8 2 ~ 1  
0,83 Q b b U 2 ~ b  
8,111 PEPU7,b 
P.03 I 0 2 4 2 S . 1  
P , I Z  IR63bU.b 
0 , 8 1  IUP3.35.U 
8.79 I I I l l 3 b . S  
@ , I 8  I I J l 1 8 , 6  
8.76 113592.5  
R , l U  117fl91.8 
8.73 I I l U Z U . 3  
R,I 1 1 ~ ~ 8 1 . u  
P,?P I I P R R I a P  
8,bR 1 1 5 5 1 0 , I  
8.66 108227,R 
8 , b 3  9 7 3 1 S + U  
p . b l  l U 5 8 8 . 0  
R.58 ~ l ! U U , P  
0.55 56895.8  
TQIV m 5 b l P S , 8  LOLO 1 5496,O V L L  rn UPl# VPU. 
MUPLAK s @ , I 0  WULOCK 1 B1S5 RAT10 1 I ,$ )  
F l R L S T n \ E  l l A k S P 0 R T  I IU,P.2B/F D R V  CONCRETE 1TRC) 






u,r *..-...--..--........... I. .... ....................................... I-- ----...-.----.------- 
D,PG! LONO~TUOIMAL B L I P  I R R , I E  
r t  1.0 FILE !fir 
LVFWLCF PF FILE IHh FOP b R E C O R D S ,  
P i i X  l n P l U E  






A, bR 113151.9 
P , b 5  II3345.8 
P,IR l?CiVUl,R 
R,lI IZh8Ub.R 








R ,  b9 Ih5081,Q 
o # b l  I h550P.  1 
0 .6s  I ~ Z U D O , ~  
v - h l  15U999.0 
P . 6 P  IUIPAC.9 
a . 4 7  125Pua.A 
J.5U l ~ 9 1 U l n 1  
p a ? ?  925P7.U 
? s u b  lh?SU,ir 
HE*  FlLF l(IA 1ESl SAMPLE161 * *  



























U 2 3 1 . 8  
5932.5 
TOAV s lb250,E LOAD s 8932.9 VfL I UP,@ MPu, 
HUPEIK 0.16 Y U L O C b  S P,Uh RA1In : 1-65 
,-,ip<. LOhGITUDINIL SLIP I B P , ~ ~  
r 7  = n 0 j 7 , 0  ~ F L  : u'*." ..'Lrcr = r*,ub V P L I K  s y.10 S I T I D  x 1.65 1.0 F I L ~  186 Y ~ ~ I L C  16.' S I ~ P L L  1 6 1  
. -. 
I ' 
b u t  n d ~ r e  LCI  n r $ * h  a L  3 1 1 4  a - r  LW'I m o 1 L r a  I o ' d  1 r r 3 d n w  5 5 ' s  8 r 3 u l r l n  m'wn s l r b  c ' 1 5 a 5  = 2 r  
C 1 9 5 6 9 5  56'11 
0 ' 1 f l B L  95'id 
1 ' 8 1 1 2 9  I P ' I ]  
n 1 i 9 u n a  ( 9 ' 1  
f ' Z b 9 C U l  5 9 ' 8  
I' I h Z b B l  L9.D  
C'DRZII I  Q P ' Y  
9 ' O L D R l I  6 9 ' s  
O ' C P O O ~ I  I L ' ~  
1 ' 1 5 i l r n 1  ~ L ' w  
U ' l L 9 5 B l  01'm 
L ' b I D W 1  5 1 ' d  
t ' b 2 Z C 8 t  L L ' d  
q 1 9 ~ t 1 8 1  n l ' a  
9 ' b 5 D B B I  8 1 ' 8  
I ' D Z I P b  d0.d 
C'CICD6 1 9 ' 1  
D ' i C b I b  IU'Y 
D'ICL@P O W  'I] 
n ' z ~ w r u  II 'I 
I ' I C Q L L  C I ' U  
b 1 2 5 b b 9  L P ' #  
2 '6LbB9 @L'I 
C ' 6 9 9 0 5  s n ' d  
9 ' 9 b L L C  LC'B 
~ ' C L L Z Z  12.8 
1'0 mu'm 
3nouu1 rnw 
' 8 0 1 0 7 3 8  P 8 0 1  ki1 3 1 1 1  4U 4 3 7 8 3 6 1  
UL 3 1 1 4  0.7 ,* 
S L I P  
0.08 
O n R 2  
m.AU 
CI.V& 
O . ? R  
2 ,  I F  




i ' ,2" 
V.25 
2 - 3 7  




0 . 5 5  
I , b P  
P,b5 
'P, 1 0  
P. 1 5  
9 . 8 7  
C . 8 5  
i . ,vn  
0.95 
1.dP 
.t  I - D  F I L L  9 1  
l V E R l G E  OF F I L f  9 3  F O U  b Q f C O @ D S ,  
,t11, r n ~ n t i r  
P.80 ("$3 
P,2@ 2BB62,D 
P. 35 1b29R,7 
P.U8 UQbUS,3 
V,SP bU727,A 
P. 0 9  bP799,J  
P . 7 1  77029.6  
8 . 1 ~  RUdh7,B 
8 , 8 8  PRP(r6,6 
?,Ol 9 5 3 9 9 , b  
P,q2 P 8 A I 1 , b  
2.92 l U ? l U 7 , 9  
1.91 I R b 5 9 U , 8  
P.90 l 9 9 7 3 R .  b  
e.08 1 1 2 5 7 6 . 3  
VI.07 1 1 5 1 3 7 , 5  
P,05 1 1 7 2 7 3 , b  
P.83 1 1 9 2 3 7 , l  
@,A0 128928, )  
V,7R 1 2 2 3 7 b . 2  
8 .76 122772,b  
8 ,73 12I iP00.2  
P,7R 1 l25UR.5 
L , b 7  I f l06LP.U 
p B 6 3  RbPb1,2 
b,59 7 2 3 2 3 , 7  
1 .55 5 0 9 1 6 , I  
ME* F I L E  1'58 7 E S I  SI*PL[IS! t *  
F I P E S I O Y E  TQIhSPOYT I lB,A.Zfl IF D R Y  CONCRETE ( T R t )  
FY 
q ,  a 
IBOR,? 
1 0 7 ? , 7  
2 5 3 7 . 1  
3872.2  
35AP.6 
J / ~ I , l  
42R4, 1  




u 7 l 8 . 3  
U67B.b 






P 0 I l . 6  




3 l P P . J  
2972.5  
NEW FILE 157 TEE1 IAMPLEl58 11 
~ I R E S T D N L  rnArSpou l  I 1 0 , 1 . 2 0 1 ~  D R Y  C O N C U ~ T C  IIIC) 
I Y  . 
048 








41q1.4 l O b V  S l I I P , I  LOAD 5U12.8 VEL 8 40.8 NCH. 
4bJZ.b 









I t * I I 
I 1 1 
I * I 
1 . I 
I I 
I. - 1  
I . I 
1 * I 
1 1 I 
I * t I 
1 1 1 
I I 1 
I I 
1 * I 
I * I 
I 1 
I 1 
I I -1  
1 I 






















1 I , ....................................... " 
















A V E R A G E  nF FILL 
*I11 
P,RB 
? , I 3  
b , I 9  
0 .26  
P , 3 U  
P,U2 
@,UP 






a .qz  











@ , e l  
P.86 
r *  A - 0  FlLE 5 8  
5a  rnR a aEcoaDs. 
TOROUf 
a , #  
1 3 I Q 3 , 7  
2 A l Z 8 , Z  
28532.8  
3 l U 3 3 . l  
4bP3b.O 
5 3 1 5 6 1 4  
bB921.1  
b 8 3 8 I , P  





l B R I J 5 . Z  






P b b q l , !  
95929,E 
9 5 2 P 7 , l  
9 U U J I n Z  
93546,b  
925RR,B 
N E Y  FILE I 2 6  ' l E l l  $AMPLE 52 * *  




1 8 4 5 1 8  
IU13,Z 





3 1 R 3 a 4  TQAV 8 92501,B LOAD I 5111,1  VEL 1 3.8 LPH. 
3 9 7 B a 2  
4 3 ~ 6 ~ 8  MUPCAK e 0 ; ~ 3  MULOCK I 8,t.b a ~ r r n  I 1 . ~ 8  




4 8 P I , 9  
1701.7  
4749.9 







4 U 5 1 1 1  
G O O O Y t I Q  SUPER HI-*ILL9 ! B 1 0 - 2 B I F  017 CONCRCTC I T R C )  




1 . . t .  * *  I 1 
T . . . I 
1 1 I 
7 * * 
I 
r i I 
( 1  I I 
1 1  I 





































@ , a  . ....................... ....................................................... 
F Z  s 5 ~ 7 1 . 3  vrL 3 . 3  M U L n C K  S 8,Rb M U P k A K  m B.91 RLTlO llRO 1.0 FILE 50 YYFILE 1 2 6  8A"PLC b# 
1 
S L I P  
d.HC 
e , ~ 2  
BIPU 
8 , i l h  
0 , b A  
e , 1 8  






P , J P  
4 . 35  
+ . l i p  
r ,  0 5  
P . 5 P  
P.55 
P,  b a  
P. b 5  






i . r u  
8t I - [ >  F I L L  5 1  




2 1 5 8 7 . 4  
399BU. I 
5P899,R 




8 9 3 U 1 . 1  
92792.U 
9 4 6 1 2 . q  
l R 3 A 9 9 , 2  
l 0 b Z I R . R  
l R P 2 9 2 .  I 
111b73.U 
I l 3 l b a . l  
I l 2 J U > . 3  
l A 9 n 2 5 1 3  
IRbUP2.2 
I R 3 1 5 2 . I  
99915.9  
96142.  S 
P 1 b R I . l  
9@lb11,7  
8 b ! 2 b B 3  
111lbh.7 
~ E Y  FILF 1 1 1  T E S T  S A M P L E  3 1  *t  




l 3 7 b . 5  







4 5 9 2 ,  b 
4787.6 
4885.b 
U 9 I B . I  
U91R,i l  
0 8 8  I. 1 
U 8 3 0 , 5  




4 4 5 1 , b  
431b.1  
0295.8  
U 2 l l . l  
4 1 2 0 . 1  
4 0 1 0 , 0  
TOAV e 8 1 1 b b 1 7  LOAD . 5 5 1 P , 8  VEL a 1P.P MPW, 
Y U P L I K  8 @,95 *ULOC* r U , 7 l  P I T 1 0  * 1 , 2 3  
.. 1 - 0  F I L L  52 
A v F P I G E  OF F I L E  52 F O R  b 9 f C 0 9 D S 1  
* O X  T O R Q U E  
m , w  
P.21 22101. I  
a,  35 3895U.3 
R, 47 51827,A 
8.77 b3Rl( I ,1 
I .bb 11911.8 
2.73 8R322, I 
P.19 85115.2 
0 . 8 3  ~ P P U A , ~  
P , n b  93496.b 
8 . 8 8  Pb828.R 
P.OR 99590.2 
P . 9 Y  1 0 2 2 6 9 ~ 2  
#,OR IflUbS(.b 
R,PP lAbP8P.P 
R . L 7  I f l 9376e1  
P . l b  111811.1 
Q, IY  11u3 i2 .0  
0 , . 3  11595I1P 
B.81 1 I 5 7 b S V 9  
p.9.1 I l 3 R l 2 , R  
a , ? R  1~1q08.3 
8 , l b  I R l I 3 2 n 5  
I , l J  PUfl2S.I 
P, 72 SbT2bIU 
P , l D  lPBP2,b 
a, 6.8 70958, J 
N E *  F I L L  128 ' T L S T  S A ~ P L E  54 * a  
GOOOYCIR ~ U P L R  YI.NILCR ~ B , ~ - z B ~ F  O R V  C O N C R E ~ E  ITRC) 
F  x 
m,a . 
I I l U , ?  
lqR1,b 
2551.5 
1 1 1 6 ~ 3  




ns2u.5 T O A V  s 18(58,1 L O A D  s 5 ~ ~ 0 . 8  V L L  a 20.0 LPY; 
4581.b 
4658.5 M U P E A K  m B a s e  H U L O C #  I 8,68 R I l l O  s I.1P 
Ubb5.0 













3543, l  
C o n U V E A H  SJPFR H I . * I L C R  10,6-28/F D R Y  C O N C R C l E  ( T R C )  
1.0 ......................... ................................................................ 
1 I 
L O N G I T U D I N A L  SLIP 
** 1.0 f l L C  53 





























N C I  F I L L  I29 TVST I A M P L t  55 t*  
OOODYCAR IUPCR H I - M I L E R  18,1-2011 DRY C P N C R C l t  ( T I C )  
I X  









4b45,Z I O I V  n b8J5411 L O L D  t 5411;~ V I L  I 58.0 UCH. 
408.8 
















GOODVCbR SUPER U l - M I L E R  1 0 , 0 - 2 0 / ?  DRY C O N C R L I C  ( T R C )  













t .  * I 
I . r t * I r 
1 
I 
u 1 r I 
X I * I  I 
I. r -1 











































I-  • I 





















f l , @  . ................................................ 1........................1.-..-...........---- 
F Z  a 54ll,l VEL a S P , P  MULOCN . 0,b4 M U P E I K  I 0,81 1 1 1 1 0  1.17 A.0 FILL  53 W U I I L C  12) 8 b Y P L E  55  
l P 4 V  1 5 P l q S . d  LO40 * 3 4 2 4 . 1  VEL U U , R  MPu ,  
MUPLIX 8 @ , E l  MULOCK m @ a 5 1  R I l l O  i 1 , 5 1  
h L u  f l L l  I S @  ' I t 8 1  8 4 I P L E  56 r r  
G O O D Y E A R  SUPER HI . * lLLR 1 8 , 8 - 2 8 1 f  DRY CONCQElE 1 1 9 C )  
rx 
0.0  . 
1 8 5 R . I  
1 9 3 U 1 3  
2 b 6 5 , 3  
3 2 4 Z , S  
3 b 9 1 . 1  
u e 7 2 , e  
43b2.b  




U S b 1 , I  
UU18.1 
4 S b l a I  
42b2,U 
1 1 5 2 , P  
1 8 4 1 , l  
3 P J l , 2  
3 8 3 6 , l  
3 7 3 8 , b  
l b 3 8 , O  
1 5 2 9 , I  
3 4 8 h . Z  
l Z l 1 , l  
3135.5  
2 9 9 1 a 2  
c J O D V E ~ ~  S l l P T Q  H I - * I L E Q  tR ,0*2f l /F  D R Y  CONCRETE ( I R C I  






S L I D  
U . P *  
h.P2 
8 . I U  
NEI. F I L E  1 1 1  Y E S 1  S I M P L E  5 1  .r 
G90nVrA9 S U P f R  * I - U l L f U  1R .B-ZBIF  0QV C 3 h C Q F l E  I l R O  
F x 
@,a 
1 1 1 7 . 5  
11 )93 ,8  
2 5 5 5 , P  
1 1 1 5 . 0  
1 5 9 3 . 8  
3 9 U l . U  
Y 2 2 3 . l  
UYU1 .5  
U 5 9 1 . 2  
UbZ9 .U  
Ub2B.P  
U 5 b 0 , U  
UU7P.U 
U l b E . 0  
U 2 1 9 , I  
U l h 3 . I  
U H P 2 . l  
U i l l 2 . P  
3 V I I . 8  
1 8 1 b . I  
1 1 1 8 . 9  
3 b l 8 . 2  
1 5 P 3 . 5  
3 3 6 2 q 3  
1 2 1 0 . U  
1 0 1 1 . 5  
0." ........................ I.......... -.............,.............-..-...-..* I. -...-....-.--...-.---. 
V' , P ,. ~ O k G l l U h l 4 1 L  S L I P  l V 1 . R P  
i Z  : 5 a ~ l . r  IF( : \ % . a  ,AINLOCL : P . 5 7  " L . D E ~ <  . V.JI L 1 1 1 0  1 . 5 1  I - D  F I L L  5 5  H ' F I L I  1 1 1  
0 1 ' s  
Q L ' r  
2 8 ' 0  
5 9 ' 8  
9 1 ' U  
LU'U 
Q Y ' 0  
Rb.8 
I b ' l  
C b ' d  
0 6 - 0  
S b ' r )  
9 6 ' s  
Qb1LJ 
Eb'D 
b b ' 0  
b b ' d  
ilb'm 
9 b ' D  
C b ' *  
Y u ' d  
b L ' I  
9 9 ' 8  
S S ' 0  
0n 'm 
7 2 ' 8  
Pd'U 
X I *  
3111 4u 191b3Ar  
SL.0  
idL'0 
5 ' 4 ' 4  
u q ' a  
5 5 ' s  
0 5 ' 0  
L n ' a  
an'u 
SC ' 0  
6C.O 
r . D  F I L E  61 
A r E U b G E  nF T1LF b l  1" b U P C O R P S .  
S L I P  H I J K  TORPUf  
0 ,  r'P 3,n.t CI.0 
I I ,P2  P , 2 ?  ZUVI93,b 
P,PU L . I h  3f ibU9.q  
O.Ph I O U ' ?  5 1 1 2 b . I  
8 . 0 9  ?,b.' 6 2 1 1 8 . 1  
II. I P  R,b@ 7 2 R b I 1 3  
f1.12 I , l u  7 9 7 1 8 , Z  
V. lU n , R P  11bR15. I 
0.16 ?,R3 9 1 3 9 P , 2  
* . I P  @,Rb 95UZE.U 
d.2P R.87 9 F l P l . U  
d . 2 9  ? . e l  l R 2 3 6 8 , q  
A . l P  8.86 I D b l 2 2 , I  
Y.35 u.95 IR9U7R,R 
n .ua 8.03 1 1 Z 3 1 3 , l  
1.115 P.02 1 1 0 2 5 7 ~ 7  
d . 5 0  7.83 115531.U 
6 . 5 5  P.19 1  l b'J22.7 
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APPE' IDIX I3 
TEST APPARATUS 
l h e  l o n g i t u d i n a l  f o r c e  dynamorieter  deve loped  a t  iISRI 
f o r  o v e r - t h e - r o a d  t e s t i n g  o f  t r u c k  t i r e s  i s  a  s e m i - t r a i l e r  
d e v i c e  which mounts a  s i n g l e  t i r e  sample  ~ i t h  i t s  whee l  p l a n e  
l y i n c  a l o n g  t h e  t r a i l e r ' s  c e n t e r l i n e .  1s was shown i n  t h e  
t e x t  ( F i g u r e  1 1 ,  t h e  t r a i l e r  i s  towed by a  highway t r a c t o r  
r ih ich p r o v i d e s  h y d r a u l i c ,  p n e u m a t i c ,  and e l e c t r i c a l  goLcer 
s e r v i c e s  a s  w e l l  as o n - b o a r d  w a t e r  d e l i v e r y .  The s y s t e m  i s  
c o n t r o l l e d  by an o p e r a t o r  who r i d e s  i n  a  c u s h i o n e d  module on 
t h e  t r a c t o r .  In  c u r r e n t  c o n f i g u r a t i o n  t h e  t r a c t o r - t r a i l e r  
v e h i c l e  l t e i ghs  38,000 l b s .  and i s  4 6  f e e t  l o n g .  
T R A C T O R  SER\'I Ci, I'LL: 1 CLE 
Tile t r a c t o r / s e r v i c e  v e h i c l e  i s  equ ipped  t o  p r o v i d e  t h e  
s p e c i f i c  . z a p a b i l i t i e s  l i s t e d  be low:  
B a s i c  T r a c t o r  C o n f i g u r a t i o n  
(The trli : t o r  v e h i c l e  was a  g i f t  
t o  t h e  i l n i v e r s i t y  frorr t h e  
I n t e r n a t i o n a l  I i a r v e s t e r  Corp.  ) 
I n t e r n a t i o n a l  H a r v e s t e r  
:lode1 Ccj40 70,4 (cab  - o v e r )  
t r a c t o r  w i t h  2 1 3 - i n c h  
whee l  b a s e  and an IH a i r -  
tandem r e a r  s u s p e n s i o n .  
GIr\T i s  50 ,000  l b s .  The 
e n g i n e  i s  a  G ? l  d i e s e l  
f 81'- 71'J (338  Hp. a t  2400 
rpm) .  The v e h i c l e ' s  
t r a n s n i s s i o n  i s  a  F u l l e r  
"Road Ranger" w / o v e r d r i v e  
113 s p e e d s ) .  The e x t r a -  
l o n g  t r u c k  f rame i s  s t i f f e n e d  
w i t h  a  n e s t l e d  C-bean ,  con-  
s i s t i n g  o f  3  e l e m e n t s ,  and 
i s  o u t f i t t e d  w i t h  a  i i o l l a n d  
e x t r a  heavy  d u t y  f i f t h  wheel  
h i t c h .  
I l yd rau l i  c Power - 5 g a l l o n / m i n u t e  f low r a t e  a t  
2000 p s i  from a p r e s s u r e -  
compensated p i s t o n  pump 
~ I y d r a u l i c  A4ccumulator  - 1 g a l l o n  nomina l  volume 
Pneumat ic  Power - 3 d e l i v e r y  r a t e  o f  40 f t  /min 
a t  1 2 0  p s i  from a  s i n g l e  
s t a g e  compressor  
A i r  S t o r a g e  Tank - 
E l e c t r i c a l  Power - 
6 c u b i c  f e e t  nomina l  volume 
d i e s e l - d r i v e n  30 k i l o w a t t  
g e n e r a t o r ,  s u p p l y i n g  110 V A C ,  
s i n g l e  phase  and 208 VAC,  
t h r e e  phase  power 
E l e c t r i c a l  D i s t r i b u t i o n  - a l l  e l e c t r i c a l  power s w i t c h i n g  
i s  done t h r o u g h  a  s i n g l e  p a n e l  
p r o v i d i n g  
1) t h e  s e l e c t i o n  o f  e i t h e r  on -  
b o a r d  po!i7er g e n e r a t i o n  o r  a 
s h u n t  c o n n e c t i o n  t o  a v a i l a b l e  
g a r a g e  power s o u r c e  f o r  s e t -  
up and i n d o o r  c a l i b r a t i o n  
2 )  main c i r c u i t  c u r r e n t  b r e a k e r s  
3 )  motor  s t a r t  c i r c u i t s  
4 )  remote  g e n e r a t o r  s t a r t  
c i r c u i t  - 
5 )  i n s t r u m e n t  power c i r c u i t  
s w i t c h i n g  
6 )  g e n e r a t o r  v o l t a g e  m o n i t o r i n g  
K a t e r  D e l i v e r y  - 
( f o r  p  ave r i en t  
\ ~ e  t t i n g )  
200 g a l l o n / m i n u t e  d i s c h a r g e  f r o m  
an  i m p e l l e r -  t y p e  pump ( p r o v i d e s  
. 0 4 0  i n c h  w a t e r  f i l m  t h i c k n e s s  
o v e r  an  1 8 - i n c h  w i d e  s w a t h  a t  
a  t e s t  s p e e d  o f  60 mph) 
h ' a t e r  S t o r a g e  Tank - 720 g a l l o n  c a p a c i t y  
D a t a  A c q u i s i t i o n  S e r v i c e s  -- 
The o p e r a t o r ' s  s t a t i o n  i s  s i t u a t e d  j u s t  b e h i n d  t h e  
t r a c t o r ' s  cab  and  1 s  r i oun ted  on a  c o i l  s p r i n g  and  a u t o m o t i v e  
s h o c k  a b s o r b e r  s u s i , e n s i o n .  T h i s  1 6 0 0 - l b .  module  i s  s u s p e n d e d  
t o  p r o v i d e  n o p i n a l l y  1 I i z  f u n d a m e n t a l  f r e q u e n c i e s  i n  j o u n c e  
and  r o l l  w i t h  1 o n : l i t u d i n a l  t o r s i o n  b a r  p r o v i d i n g  a u x i l i a r y  
p i t c h - s t i f f n e s s  r o r  a c h i e v e m e n t  o f  a  3 I!z f u n d a m e n t a l  f r e q u e n c y  
i n  pitch. The i n c r e a s e d  p i t c h  s t i f f n e s s  i s  n e e d e d  t o  m i n i m i z e  
t h e  p i t c h i n g  d e f l e c t i o n s  w h i c h  m i g h t  d e r i v e  u n d e r  s e v e r e  b r a k i n g .  
The m o d u l e ' s  hi:?h q u a l i t y  r i d e  e n v i r o n m e n t  a n d  a s s o c i a t e d  n o i s e  
r e d u c t i o n  capability p e r m i t s  t h e  k e e p i n g  o f  a  l e g i b l e ,  h a n d -  
~ ~ r i t t e n  l o g  d u r i n g  m o b i l e  o p e r a t i o n s  a n d  o t h e r w i s e  e n h a n c e s  
t h e  o p e r a t o r ' s  o v e r a l l  p e r f o r m a n c e .  The module  (whose c o n t r o l  
p a n e l  \<as  shown i n  t h e  t e x t ,  F i g u r e  3 ) ,  i s  i n s u l a t e d ,  h e a t e d ,  
a i r -  c o n d i t i o n e d .  l i l d  i i e l l  ' , l l u m i n a t e d  f o r  day  o r  n i g h t  m e a s u r e -  
ment a c t i v i t i e s .  1 , h i l e  i t  m i g h t  a p p e a r  t o  some t h a t  t h e  
o p e r a t o r  c o m f o r t  m a t t e r  h a s  b e e n  t a k e n  t o  a n  u n n e c e s s a r y  d e g r e e  
o f  e ~ t r a \ ~ a g c n c e ,  o u r  e x t e n s i v e  e x p e r i e n c e  i n  m o b i l e  m e a s u r e -  
men t s  h a s  l e d  11s t o  p l a c e  t h e s e  q u a l i t i e s  i n  h i g h  p r i o r i t y - i n  
t h e  i n t e r e s t s  o f  h i g h  q u a l i t y  d a t a ,  o v e r  l o n g  t e s t  ~ l a y s ,  i n  
o t h e r w i s e  h o s t i l e  a n d  demanding  f i e l d  e n v i r o n m e n t s .  The  
module i s  a c o m p l e t e l y  s e l f - c o n t a i n e d  d a t a  a c q u i s i t i o n  l a b o r a -  
t o r y  w i t h  f i v e  c h a n n e l s  o f  s i g n a l  c o n d i t i o n i n g  f o r  s t r a i n  
g a q e  t r a n s d u c e r s  , two c h a n n e l s  o f  t h e r m o c o u p l e  c o n d i t i o n i n g  
a n d  f i v e  a d d i t i  o n a l  c h a n n e l s  f o r  c o n d i t i o n i n g  o f  p o t e n t i o -  
m e t r i c  and t a c h o m e t r i c  d e v i c e s .  1111 d a t a  s i g n a l s  a r e  s c a l e d  
a n d  z e r o e d  t h r o u g h  a  common i n t e r f a c i n g  module  wh ich  h a s  i n t e r -  
c h a n g e a b l e  c i r c u i t r y  and  d i r e c t  o p e r a t o r  a c c e s s  f o r  z e r o  and  
g a i n  a d j u s t m e n t .  l i ' h i ie  t h e  b a s i c  d a t a  r e c o r d i n g  scheme i n v o l v e s  
a l a - t l  a c k  J ' I I  a n a l o g  t a p e  r e c o r d e r ,  t h e r e  i s  a l s o  t h e  
c . ; l l ) , ~ l ~ i  1 i t v  for-  t l l c '  s 1 i l 1 1 1 l  t ; i neou?  r c c . o r d 1 1 1 ~  o f  s e l e c t e d  s i c n a l s  
o i l  :I s i ~ - c l l : ~ n n ~ l  p e n -  c1l:lrt o s c i l 1 o g r : i p h .  I'he i n p u t  s i g n a l s  
t o  t h e  p e n - c h a r t  r e c o r d e r  c a n  h e  s e l e c t e d  f r o m  e i t h e r  raw 
d a t a  s i g n a l s  s u c h  a s  a r e  r e c o r d e d  tli r e c t l y  on t a p e ,  o r  f r o m  
t i l e  f u l l  a r r a y  o f  p l a y b a c k  s i g n a l s  w h i c h  a r e  o u t p u t  s i m u l -  
t a n e o u s l y  f r o m  t h e  t a p e  r e c o r d e r  a s  t h e  t a p e  p a s s e s  b y  t h e  
m a c h i n c > ' s  p l a y b a c k  h e a d s .  The r e c o r d i n g  o f  p l a y b a c k  s i g n a l s  
on a  p e r m a n e n t  c h a r t  c o n s t i t u t e s  t h e  n o r m a l  o p e r a t i n g  mode a s  
i t  p c r m i t s  c o n t i n u a l  m o n i t o r i n g  o f  t h e  q u a l i t y  o f  d a t a  s i g n a l s  
r t h i c h  h a v e  s c t u a l l y  b e e n  r e c o r d e d  on t a p e .  
1 c r c 1 i ; i g n o s t i c  a c t i v i t i e s  r e l a t e d  t o  n a i n t a i n i n g  t h e  
i n s t r u ~  e n t  p a c k a y e ,  a m u l t i p l e - f u n c t i o n  d i g i t a l  m e t e r  h a s  b e e n  
~ r o v i d e d ,  p e r m i t t i n j :  a c c c s s  t o  e v e r y  m a j o r  s i g n a l  b y  way o f  
" h a r d - r i i r e d "  c o n n e c ;  i o n s  t o  t h e  m e t e r ' s  v a r i o u s  s e l e c t o r  
s \ i i t c l l e s .  In  adtli  t i o n ,  t h e  e n t i r e  i n s t r u r l e n t  r a c k  a s s e m b l y  
1l:ls b e e n  s i t u a t e ( ]  t o  p r o ~ r i d e  f u l l  a c c e s s  t o  t h e  b a c k  o f  e a c h  
i n d i v i d u a l  c i r c u i  t m o d u l e .  
11, a d d i t i o n  t o  d a t a  a c q u i s i t i o n ,  t h e  o p e r a t o r  a l s o  h a s  
c o ! l t r o l  o f  c e r t a i n  l ~ ~ r c l r a u l i c a l  l y  a n d  p n c l ~ ~ a t i c a l l y  a c t u a t e d  
e l c m c n t s  , t h r o u g l l  t h e  u s e  o f  s r ~ i t c l i -  c o r ~ t  r o l  lccq v a l v e s  a n d  
v a r i o u s  p r e s s u r e  m o n i t o r i n g  g a g e s .  l'roni h i s  s e a t  i n  t h e  c o n t r o l  
i o d u l e ,  t h e  o p e r a t o r  h a s  a  f u l l  i ~ i e r i  o f  t h e  upcoming roadway  
11). \in! o f  a  \ i i n d o ~ t ~  i n  t h e  n o d u l e  ~ i h i c l i  p e r m i t s  s i g h t  t h r o u g h  
t h e  r e a r  a n d  f r o n t .  w i n d  s c r e e n s  o f  t h e  t r a c t o r .  Thus  t h e  
o p e r a t o r  d e t e r m i n e s  t h e  t i m i n g  o f  a p p l i c a t i o n  o f  t h e  t e s t  w h e e l  
b r a k e  b a s e d  up011 h i s  vier$, o f  t h e  d e s i r e d  p o r t i o n  o f  t e s t  
p a l - e m e n t ,  t o g e t h e r  ~ i i t h  h i s  1 - i s u a l  m o n i t o r i n g  o f  a  lispl lay o f  
1 - c h i c l e  s p e e d .  The o p e r a t o r  i s  i n  c o n t i l i u o u s  two-way v o i c e  communi- 
c a t i o n  l i i t h  t h e  d r j v e r  o f  t h e  t r a c t o r ,  r e q l l e s t i n g  t e s t  v e l o c i t i e s  a n d  
g u i d i n g  t h e  s e q u e n c e  o f  e v e n t s  t h r o u g h  u s e  o f  a  h e a d - s e t .  The 
o p e r a t o r  a l s o  c a n  s e l e c t  a  s w i t c h  I ih i ch  p l a c e s  h i s  v o i c e  
s i g n a l  a s  an e d g e - t r a c k - r e c o r d l n ( :  on t h e  ~ a g n e t i c  t a p e  f o r  
p u r p o s e s  o f  r u n  a n n o t a t i o n  and  g e n e r a l  c o v m e n t .  The  v o i c e  
t r a c k  a n n o t a t i o n  augmen t s  a  d i g i t a l  " r u n  1.D. number" s i g n a l  
\ i h i c h  i s  r e c o r d e d  p r i o r  t o  e a c h  t e s t  r u n  t h r o u g h  u s e  o f  a n  
o r d i n a r y  phone  d i a l  p u l s i n g  s y s  tem.  
L o n g i t u d i n a l  F o r c e  T r a i l e r  
The l o n g i t u d i n a l  f o r c e  t r a i l e r  i s  a  w e l d e d  s t r u c t u r e  
o f  p i p e  a n d  p l a t e  s e c t i o n s ,  d e s i g n e d  f o r  economy o f  c o n s t r u c -  
t i o n  and  f o r  s t i f f n e s s .  The t e s t  w h e e l  i s  s i t u a t e d  a p p r o x i m a t e l y  
a t  t h e  t r a i l e r  c . g .  p o s i t i o n  a n d  i s  s u p p o r t e d  by  a  p a r a l l e l o g r a m  
s u s p e n s i o n .  T h i s  c o n f i g u r a t i o n ,  shown i n  F i g u r e  . \ - I ,  d e r i v e s  
f rom a t t e m p t s  t o  a c h i e v e  t h r e e  f u n d a n e n t a l  q u a l i t i e s  i n  a  
m o b i l e  t r a c t i o n  measu remen t  m a c h i n e ,  v i z . ,  
l j  The e l i m i n a t i o n  o f  k i n e m a t i c  i n t e r a c t i q n s  
b e t r i e e n  t h e  l o a d s  a p p l i e d  t o  t h e  t e s t  w h e e l  
and. r e s u l t i n g  s h e a r  f o r c e s  and moments .  
The er iployment  o f  a  lo rzr -spr ing  r a t e  l o a d i n g  
mechanism ( a n  a i r  s p r i n g ) ,  t o  a s s u r e  t h e  
a t t a i n m e n t  o f  t h e  d e s i r e d  l o a d  l e v e l s  w h i l e  
n e i t h e r  [ a )  s a c r i f i c i n g  f r e q u e n c y  r e s p o n s e  
i n  t h e  v e r t i c a l  d e g r e e  o f  f r e e d o m  o f  t h e  t e s t  
w h e e l ,  n o r  ( b )  i m p o s i n g  a  s i g n i f i c a n t  t h r o u g h -  
c o u p l i n g  o f  t h e  v i b r a t i o n s  o f  t h e  f o u n d a t i o n  
v e h i c l e  t o  t h e  t e s t  w h e e l .  
3)  The n i n i m i z a t i o n  o f  t h e  v a l u e  o f  t h e  " u n s p r u n g "  
mass, i . e .  , t h e  rliass wh ich  i s  disp1: lcctf  w i t h  
t h e  I - e r t i c a l  m o t i o n  o f  t h e  t e s t   li lie el s p i n  a x i s .  
The p a r a l l e l o g r a m  1 i n k a . e  s u s p e n s i o n  i s  t h u s  p r o v i d e d  t o  
a s s u r e  k i n e m a t i c  i s o l a t i o n  o f  f o r c e s  ~ l i i l e  a s s u r i n q  a  z e r o  
i n c l i n a t i o n  ( c a m b e r )  o f  t h e  t e s t  w h e e l  p l a n e .  B r a k e  t o r q u e  
i s  r e a c t e d  t h r o u g h  o p p o s i n g  l o n g i t u d i n a l  f o r c e s  i n  t h e  u p p e r  
a n d  l o r i e r  arms-which arms h a v e  b e e n  c o n s t r u c t e d  t o  p r o v i d e  a  l a r g e  
bean) s e c t i o n  modulus i n  t h e  f o r e - a f t  l o a d i n g  d i r e c t i o n .  The 
a r t i c u l a t i o n  o f  t h e  p a r a l l e l  arms d o e s  p e r m i t  a  m i n i m a l  

l a t e r a l  s c r u b b i n g  o f  t h e  t e s t  t i r e ,  i n  p r o p o r t i o n  t o  t h e  
c o s i n e  o f  t h e  arm i n c l  i n i i t i o n - t h e  r e s u l t i n g  t r a n s v e r s e  
m o t i o n  i s  t y p i c a l l ? ,  l i i t h i n  t 0.021) i n c h e s .  
1 u s e  o f  a n  a i r  s ; , r i n g  l o a d i n g  m e c h a n i s ~ n  p e r m i t s  a  
c o n t r o l i a b l e  v e r t i c a l  l o a d  c o n d i t i o n  a n d ,  i n  t h e  c a s e  of  t h e  
:iSRI m a c h i n e ,  imposes  a  n o . - : i n a l l y  350 l b / i n  c o u p l i n g  b e t w e e n  
t h e  t r a i l e r  and t h e  t e s t  \ ; h e c l - \ ~ ~ h i l e  o p e r a t i n g  a t  a common 
m i d -  r a n g e  l o a d  o f  SO00 I h .  , f 7 .  , \ t  h i  :her  l o a d s ,  t h e  s p r i n g  
'- 
r a t e  r i s e s  t o  a  maximun :slue o f  1000 l b / i n  a t  a  l o a d  o f  
20,01)0 l h s . ,  ~ l h i l e  t h e  s l ~ r i n g  r a t e ,  o f  c o u r s e ,  d i m i n i s h e s  t o  
z e r o  a t  z e r o  i n f l a t i o n  o f  t h e  a i r  s p r i n g .  T h e s e  s p r i n g  r a t e s  
c o ~ t r a q t  ~ i i t h  correspond in;^ l e a f  s u s p e n s i o n  r a t e s  o f  t r u c k s  
\ t l l ic11 a r c  f i l r e  t o  e i   lit + j m e s  s t i f f e r  a t  c q ~ p a r a b l e  r a t e d  
\111ccl l i , i d s .  
? h e  [ l a s i c  d e s i  gn p r i n c i p l e  b e h i n d  a i r  s p r i n g  l o a d i n g ,  
t h e n ,  i s  t h a t  t h e  mach ine  t h u s  i n c o r p o r a t e s  a r e l a t i v e l y  " s o f t "  
l o a d i n g  1,1f>nlber ( ~ i h i c h  i s  a l s o  r i  r t u a l l y  f r i c t i o n l e s s )  a n d  
t b c r e h y  a t t a i n s  f e a t u r e s  which  s e r v e  t o  e n h a n c e  t h e  q u a l i t y  o f  
t h e  v e r t i c a l  l o a d  c o n d i t i o n  ~ L h i c h  i s  i n p o s e d  upon t h e  t e s t  t i r e .  
: \ i t h  s u c h  a  mechan i sm,  i t  i s  t h e n  s t r a i g h t f o r l c a r d  t o  o b t a i n  
p r e c i s i o i l  s e l e c t i o n s  o f  ~ r e r t i c a l  l o a d  t h r o u g h  t h e  u s e  o f  
c o n ~ ~ e r c i a l l y  a7:ai l a h  l e  p r e c i s i o n  r e g u l a t o r s .  
'The u n s p r u n n  rT;lss ;chi cil i s  a s s o c i a t e d  w i t h  t h e  v e r t i c a l  
t l c  :!iie o f  f reedor ; )  o f  t h e  t e s t  \ % h e e l  on t h e  HSRI mach ine  w e i g h s  
185i) l b ~  . , i n c l u d i n ? ,  s a y ,  a 1 0 . 0 0  x 2 0 / F  t i r e  and  t h e  
c o r l . e s p o ~ d i n g  20 x 7 . 5 0  d i s c  w h e e l  rim. By s u c h  a  c o n f i g u r a t i o n ,  
t h e  " \ , h e _ i  hop" s y s t e m  i n d i c n t . : ~  a  n a t u r a l  f r e q u e n c y  o f  
: o i : t e  .5 I l z  ( f o r  an c f f e c t i v e  r n c l i a l  s p r i n g  r a t e  o f  
t h e  t i r r  o f  5 i i l ) O  l b / i n ) .  I n  c e n e r a l ,  a  1il:h f r e q u e n c y  w h e e l  
hop s y s t e n i  p e r p i t s  a  minimal  v e r t i c a l  l o a t l  f l u c t u a t i o n  a s  t h e  
t i r c  f o l l o w s  t h e  17aryinp ; i r o f l l e  o f  t h e  t e s t  s u r f a c e .  I n  t h e  
d e s i  7n oi' I ISRI ' s  l o n l i i  t u t l i n a l  f o r c e  dynamomete r ,  t h e  " q u a l i t y "  
d e r i v i n c :  f r o n  a r e d u c e d  s i z e  o f  t h e  u n s p r u n g  mass was 
conrl~l-onliscd \ < i t h  t h e  o l ) v i o u s  n e e d s  o f  s t r e n g t h ,  s t i f f n e s s ,  
a n d  economy o f  c o n s t r l i c t i o n  o f  t h e  w h e e l  s u p p o r t  a s s e m b l y .  
l l i i .  p~ . in~ar ->-  s y s t c r l  t r a n s d u c e r ,  t h e  m u l t i - c o m p o n e n t  l o a d  
c e l l ,  p r o v i d e d  b> .  GS!:, l n c .  , employs  f o u r  p a r a l l e l  beams 
\ ) h o s e  s h c n r  s t r a i n s ,  a t  a n  o c t a g o n a l  s e c t i o n  a l o n g  e a c h  beam,  
a r e  s e n s e d  i \ i t h  an a r r a y  o f  s t r a i n  g a g e s .  I n  t h e  d e v e l o p m e n t  
o f  t h i s  t r a , : s t i u c e r  i t  h a s  become c l e a r  t h a t  t h e  p r i m a r y  d e s i g n  
c i ~ a l l e r ~ . : ; e s  d e r i v e  f r o m  t h e  m o u n t i n g  scheme  e m p l o y e d .  T h u s ,  
a s e t  o f  s t r a i n s  a r e  i n d u c e d  t h r o u g h  b o l t ,  k e y ,  t a p e r ,  a n d / o r  
t i ~ w e l  p i n  f a s t e n e r s  h h i c h  s t r a i n s  may become r e d i s t r i b u t e d  
t : l r o u g h  t h e  s e n s i t i ~ r e  s e c t i o n s  a s  a  r e s u l t  o f  l o a d i n g .  The  
!i'TiI l o n g i t u d i n a l  f o r c e  d y n a m o p e t e r  i n c o r p o r a t e s  a  l o a d  c e l l  
\ t h o s e  s e n s i  t i ~ . r i t y  t o  m o u n t i n n - i n d u c e d  s t r a i n s  i s  m i n i m a l ,  
31 t h o u c ~ h ,  i n  e a r l  i c r  j t a g e s  o f  d e ~ r e l o p m e n t ,  t h i s  s e n s i t i v i t y  
\\:as a  paramou,nt  t i i f f i c u l t y .  T h u s ,  ~ ~ h i l e  a  s i n g l e ,  c a n t i l e v e r -  
l o a d e d ,  n u l t i - c o ~ p o n e n t  t rans i1 i :ccr  p r o v i d e s  a  s y s t e m  whose  
o u t p u t s  a r e  m i \ - e r s a l l y  i n t e r p r e t  a l ~ l e ,  r e g a r d l e s s  o f  e i t h e r  
l o a d  l e v e l  o r  \ \ h e e l  r a d i u s ,  tile ~ ~ o u n t i n p ;  c o n f i p u r a t i o n  a n d  
f l e x u r e  d e s i g n  d o ,  i n d e e d ,  r e q u i r e  s p e c i a l  c o n s i d e r a t i o n .  
From a b r o r . d e r  1;iew o f  o v e r a l l  t r a i l e r  c o n s t r u c t i o n ,  
c e r t a i n  a d d i t i o n a l  f e a t u r e s  w e r e  deemed m a n d a t o r y ,  o r  a t  l e a s t  
l > ~ r y  d c . ; . i r a b l e .  The n o m i n a l  p i t c h  a n d  j o u n c e  trim o f  t h e  
! ' S R ?  t r a i l e r  a r e  c o n t r o l l e d  t h r o u g h  t h e  u s e  o f  s e l f - l e v e l i n g  
a i r  s u s p e n s i o n s  on b o t h  t h e  t r a i l e r  r e a r  a x l e  a n d  t h e  t r a c t o r  
r e a r  t a n d e T .  T h u s ,  a s  a  g i v e n  v e r t i c a l  l o a d  i s  t r a n s f e r r e d  
fro:? t h e  t ~ t o  r e s p e c t i \ - e  a x l e  s e t s  t o  t h e  t e s t  w h e e l ,  t h r o u g h  
1 .1 ' - ;a t ion  o f  t h e  t e s t  h h e e l  a i r -  s p r i n g ,  t h e  t r a c t o r  a n d  t r a i l e r  
leveling s y s t e m s  a d j u s t  t o  a r u n n i n g  e q l l i l i b r i u m  a t  w h i c h  t h e  
t r a i l e r  a s s u m e s  i t s  d e s i g n  trim a t t i t u d e .  Thc u s e  o f  a i r  
s !1s ! ) ens ions  on b o t h  e n d s  o f  t h e  t r a i l e r  a l s o  c o n t r i b u t e s  t o  
a t t e n u a t i o n  o f  r i d e  n o t i o n s ,  t h u s  f u r t h e r  a s s u r i n g  q u a l i t y  i n  
t h e  v e r t i c a l  l o a d  c o n d i t i o n .  
Tn t h e  e v e n t  o f  a b l o t i - o ~ l t  0 7  t h e  t e s t  t i r e ,  w h i l e  
o p e r a t i n g  u n d e r  l o a d ,  a  p l a s t o - e l a s t i c  l i m i t  s t o p  h a s  b e e n  
p r o v i d e d  a s  a  n e c h a n i s m  f o r  absorb in,^ t i l e  e n e r g y  i m p a r t e d  t o  
t l ~ c  unsp r r l ng  mass I))-. t h e  a i r  s p r i n g  d u r i n g  t h e  d e f l a t i o n  
t r a n s i e n t .  
1'0 pcrrnj t e f f i c i e n t  r e ~ n o v a l  ant1 r e m o u n t i n g  o f  t h e  t e s t  
\ $ h e e l l t i r e  a s s e m b l y ,  a  h a n d - v a l v e - c o n t r o l l e d  h y d r a u l i c  l i f t  
c y l i n d e r  i s  p r o v i d e d - t h e r e b y  e l i m i n a t i n g  t h e  n e e d  f o r  " m u s c l i n g "  
t h e  w h e e l  i n t o  p o s i t i o n .  The open  t e s t  bay  o f  t h e  HSRI t r a i l e r  
p e r m i t s  t h e  t e s t  w h e e l  t o  b e  m e r e l y  r o l l e d  i n t o  p o s i t i o n  f o r  
f a s t e n i n g  t o  m o u n t i n g  s t u d s  a s  t h e  hub and  s p i n d l e  a s s e m b l y  
i s  maneuve red  i n t o  a l i g n m e n t  u s i n g  t h e  h y d r a u l i c  l i f t .  D u r i n g  
t e s t i n g ,  t h e  h y d r a u l i c  l i f t  c y l i n d e r  i s  f u l l y  e x t e n d e d ,  t h u s  
o v e r - t r a v e l i n g  t h e  " l i f t "  p o s i t i o n  and  becoming  k i n e m a t i c a l l y  
d e c o u p l e d  w i t h  t h e  t e s t  w h e e l  s u s p e n s i o n .  
The s p i n d l e  s u p p o r t i n g  t h e  t e s t  w h e e l  h ~ s  b e e n  d e s i g n e d  
t o  ~1:comnodate t h e  n o u n t i n g  o f  ~ i r t u a l l ) ~  a l l  h e a v y  t r u c k  a i r  
I : , r a k ~ s .  Thus t i l e  i -nch ine  h a s  b e e n  a p p l i e d  i n  s t u d i e s  o f  t h e  
t o r q u e  c f f e c t i ? r e n c . ; s  o f  5-cam and d u a l  loedge b r a k e s ,  e i t h e r  
a s  oper : i ;ed  d i r e c t l y ,  or a s  m o d u l a t e d  t h r o u g h  t h e  use o f  a c t i v e  
a n t i - ~ ~ h ~ l - l o c k  s y s t e m s .  I n  t h e  c a s e  o f  a n t i - l o c k  b r a k i n g ,  
t h e  mach ine  i s  c a p a b l e  o f  c h a r a c t e r i z i n g  ( a )  t h e  t r a c t i o n  
p r o p e r t i e s  o f  t h e  i n s t a l l e d  t i r e ,  ( b )  t h e  t o r q u e  p r o d u c t i o n  
p r o p e r t i e s  o f  t h e  b r a k e ,  a n d  ( c )  t h e  m o d u l a t i o n  dynamics  o f  
t h e  a n t i - l o c k  c o n t r o l l e r .  
'The t e s t  t r a i l e r  i s  c a p a b l e  o f  m o u n t i n g  any  t i r e  i n  t h e  
LO-inch r i m  s i z e ,  (in(; a b o v e ,  r ~ ~ h i c h  i s :  
a )  l e s s  thal-! 4 6  i r lches  i n  f r e e  d i a m e t e r ,  a n d  
13)  1 8  i n c h e s  o r  l e s s  i n  maximun s e c t i o n  w i d t h .  
T i r e s  can  b e  l o a d e d  t o  a  maximum l e v e l  o f  2 0 , 0 0 0  l b . ,  
a l t h o u g h ,  t o  d a t e .  l ~ r a l i c  t o r q u e  l i m i t a t i o n s  h a v e  p r e v e n t e d  
t h e  l o c k u p  o f  t i r e s  on h i g h  f r i c t i o n  s u r f a c e s  a t  l o a d s  
e x c e e d i n g  a b o u t  1 5 , 5 0 0  l b s .  



